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PREFACE  TO   THE  SECOND 
EDITION 


Shortly  after  the  appearance  of  the  first  edition  of  this  book  my 
ol<I  frien<l  an«l  fellow-worker,  Mr.  T.  C.  Ilopworth,  died,  and  in 
preparing  this  new  edition  I  have  constantly  missed  his  unrivalled 
knowledge  of  photograi)hy  and  colour  printing.  To  indicate  the 
additions  for  which  I  am  solely  responsible  I  have  used  the  term 
"  the  writer  "  in  place  of  "  the  airthors." 

I  must  renew  my  thanks  to  those  who  gave  their  iissistance  in  the 
writing  of  the  first  edition,  and  I  have  the  further  pleasure  of  ac- 
knowledging help  from  several  new  sources. 

Mr.  Albert  Osbom,  of  New  York,  has  kindly  allowed  me  to  repro- 
duce illustrations  frt)m  his  stan<lard  work  Questioned  Documents,  and 
has  sent  me  details  of  the  results  obtained  with  the  $i)ecial  micro- 
scope that  he  has  invented  for  the  examination  of  inks.  My  thanks 
are  also  due  to  Messrs.  Bausch  and  Lomb,  of  Rochester,  U.S.A.,  for 
the  loan  of  the  b!(K'k  illustrating  this  instrument. 

One  of  the  chief  developments  of  recent  years  in  the  ink  industry 
lias  been  the  discovery  of  "  fast  "  aniline  pigments  suitable  for 
printing  inks,  and  I  have  therefore  dwelt  at  some  length  on  this 
question  in  the  section  on  the  examination  of  dyestuffs. 

In  this  connection  I  nuist  thank  .Messrs.  Read  and  Iloliiday  (British 
Dyes,  Limited)  for  valuable  information  as  to  the  prospects  of  the 
colour  industry  in  this  country. 

In   till-  s(  (tion  on  Printing  Inks   I  am  also  indebted  to  Messrs. 
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Torrance  and  Co.  for  infuniiution  and  the  loan  of  blockM  to  illustrate 
the  most  nio<lern  grinding  and  milling  machinery 

My  friends  Miss  3/.  li.  Klliott  and  Mr.  .7.  /*.  MillinuUm  have  U'cn 
of  great  assistance  to  me  in  n-ading  the  proofs,  and  I  take  this 
opiH>rtunity  of  tendering  them  n)y  Ix-st  thanks  for  their  help. 

(       \     M 
Whitk  Cottaob, 

'J'lIK  COMMOir, 
AMEK.SHAM. 

Dtumher  191 5. 


PREFACE 


SuMK  three  years  ago  we  were  engaged  in  a  scientific  inquirj-  as  to 
the  composition  of  certain  fluids  used  as  writing  ink.  As  this  work 
led  us  beyond  the  limits  anticipated,  and  to  the  making  of  many 
experiments  not  actually  required  at  the  time,  and  as  there  is  need 
for  a  volume  dealing  adequately  with  the  subject,  we  thought  it 
advisable  to  emlxwly  the  results  in  book  form.  We  found,  it  is  true, 
a  few  small  books  on  ink  and  many  allusions  to  ink-making  in  old 
volumes  and  isolated  papers  in  scientific  journals  ;  but  it  seemed  to 
us  that  the  matter  requirrd  more  comprehensive  treatment,  and  the 
present  work  may  l)e  regarded  as  an  attempt  to  supply  that  want. 

As  far  as  time  permitted  we  have  tested  the  various  formulae 
quoted,  but,  as  may  be  seen  by  reference  to  the  patent  list  at  the 
end  of  the  l)ook.  there  are  so  many  cases  of  slight  variations  in  com. 
)X)sition  that  we  have  often  r-<.ntiTif<<l  <iiir«i.lv<-v  wiHi  u  r<f<ir<l  of  thr 
statements  put  forward. 

We  have  pleasure  in  tendering  our  best  thanks  to  those  who  have 
assisted  us  in  our  work. 

To  Mr.  R.  M.  Prideaux,  in  particular,  we  are  indebted  for  the 
excellent  drawings  of  the  various  galls  (pp.  32-40),  the  details  of 
which  could  not  have  been  nearly  so  well  shown  by  photography. 

Messrs.  Newman  and  Co.,  of  Soho  Square,  were  good  enough  to 
afford  us  much  information  with  regard  to  sepia  pn-p:in»tions,  and 
to  supply  us  with  dried  specimens,  ice,  for  analysis. 

The   photographs  of  fossil  cephalopoda  were   taken    by    u^    :it 
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the   Geological  Museum,  Jcrmyn  Strc*  i .    I>y    tlie   courtesy  of  the 

Curator. 

To  the  authorities  at  Kt-w  we  are  indt-btcd  for  permission  to  photo- 
Lrrii|ili  ill  the  Museum  and  in  the  Herbarium. 

I'Ih  liadtHche  Company  kindly  supplied  us  with  specimens  of  aniline 
il\i   .hill-  ;iiHi  much  valuable  information  reganling  them. 

We  have  also  to  thank  Messrs.  Keller  and  Co.,  who  have  kindly 
allowed  us  to  use  certain  blocks  illustrativeof  printing-ink  maehinrry. 
and  have  s(>nt  us  samples  of  various  jK"rmanent  ecjlours. 

I.4istly.  iHir  tlianks  arc  due  to  Messrs.  Madderton  and  Co.,  of 
LoiiLfliti  111.  Imt  -]m  cini(  II-  (i|  |M  riiKiiu  nt  [in  |i;ir;it  idi-  made  by  them. 

C.  A.  M. 

T.  r.  11. 

(■  N.  London.  W  <'. 

August  1904 
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HISTORICAL   INTRODUCTION. 

Co>CTKNT8. — Ancient  Egypt :  Old  papyri  :  Pm^rPiw  of  writing  :  Hercu- 
Uneum  frsKnicnts  :  Carbon  inks  :  Iron-^all  inki<  :  The  I^in<iiMfarno 
CiOSfielH  :  Tntnsition  from  (-ar>M>n  to  gall  inkn  :  DonicHtie  ink-tiiakin>;  : 
Scientific  t'X|KTinuMUH  :  Unoxidisted  gall  inka  :  Aniline  inks  :  <;<nnHii 
regulations  :  C'lasitiHcation  of  writing  inks  :  Other  inks. 

ANCIENT  EGYPT.  The  oarliost  use  of  a  liquid  which  can  be  de- 
scrilte*!  as  "  ink  ""  is  found  in  those  documents  on  papyrus  which  have 
l>oen  anionji  the  archscolojjical  treasures  of  Eg\pt.  Although  the 
history  of  Hgjpt  has  been  traced  back  for  a  period  of  more  than  four 
thousand  years,  and  papyrus  was  employed  as  a  writing  material 
there  from  ver>-  remote  times,  the  oldest  specimen  of  the  material 
extant  is  a  roll  which  dates  from  d.c.  2500.*  This  possibly  refers  to 
the  oldest  specimen  which  bears  decipherable  characters,  for  Pro- 
fessor Flinders  Pelrie  lias  found  fragments  of  papyri  which  date  from 
a  thousan<l  years  earlier. f  As  Kgj-pt  is  still  the  subject  of  explora- 
tion, an«l  as  perishable  articles  have  been  found  of  a  still  earlier  period 
than  that  last  mentioned,  we  may  reasonably  hope  that  ink-written 
records  may  some  day  come  to  light  which  will  carry  back  the  history 
of  the  country  to  a  more  remote  time.  Professor  Flinders  Pelrie 
found  in  one  tomb,  dating  from  3500  B.C.,  baskets,  a  coil  of  palm  rope, 
w(X)den  mallets,  and  chisels  left  behind  by  the  workmen,  together 
with  some  pieces  of  papyrus  which  were  almost  white  ;  and  he 
attributed  the  excellent  condition  of  these  things  to  the  preservative 
nature  of  the  clean  dry  sand  in  which  they  had  been  buried  for  so 
many  centuries. J 

OLD  PAPYRI.  In  Case  A  (Greek  Papyri),  British  Museum,  can  be 
seen  a  number  of  s|)ecimens  dating  from  the  first  century  of  the 
Christian  era,  and  although  in  many  cases  tlie  papyrus  is  merely  in 
fnigments,  the  ink  is  as  black  as  it  was  the  day  that  it  was  applied. 
The  lettering  in  nmny  of  these  papyri  is  extremely  beautiful,  and 
compares  very  favourably  with  nuich  of  the  handwriting  that  some  of 
us  have  to  decipher  to-day.  An<l  it  would  seem  quite  clear  from  an 
examination  of  many  of  these  writings  that  the  implement  employed 
was  a  pen  and  not  a  brush.  The  papyrus  in  some  instances  is  of  a 
vcr>-  Ii<rht  drab  colour,  and  on  this  surface  the  old  writing  stands  out 

•   British  Muieum  Guide,  1896.  p.  312. 

t  Journal  of  the  Camera  Club,  Nov.  1897.  J  Ibid. 
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\\illi  siaiiliiig  (listiiK  I  tirvs  :  lint  ulicii  tlic  iiuitcrial  has  a.HSunird  a 
<laik  liiMVMi  or  yellow  tint,  (lu  writinL'  i^  nut  so  dUtiiict,  alUiough  the 
quality  m|  tli(    ink  is  quite  as  f{o<i<l. 

That  papyrus  was  lujt  a  cheap  nialcrial  is  shown  by  a  specimen 
here,  labelled  *'  Aristotle  on  the  I'onstitutioti  of  Athens.  Tlic  only 
extant  MS.  of  the  work,  brought  from  f'-gypt  in  1890.  Written  ulxiut 
A.I).  100,  in  four  rolls,  in  four  different  hands,  on  the  back  of  the  papy- 
rus  which  Imd  already  been  use<l  fin  .\.n.  78-79]  for  the  accompU  of 
a  farm-bailiff  named  Didymus,  near  Ilennopolis." 

.\nother  specimen  of  great  interest  lies  close  to  the  one  first  men- 
titMXfJ.  namely,  fragments  of  the  T/jfo^oniV/ of  Ilesioil.  It  is  written 
III  :i  lliiii  .111(1  large  luuidwriting  in  very  black  ink.  and  the  Mk'I  tells 
us  tli;it  Its  i|:it(  is  |)robably  the  fourth  or  fifth  centurj',  *' contem- 
poiMi  \  with  til.  .  ir  ly  MSS.  on  vellum,  and  so  marking  the  transition 
from  the  one  m;it(Ti;d  to  the  othrr." 

PROGRESS  OF  WRITING.  Hh  \  irious  specimens  shown  in  the 
King's  Library  at  the  Uritish  Musetnn.  in  Cases  A — E.  are  designed  to 
illustrate  the  progress  of  writing  from  the  second  centurj'  n.c.  to  the 
fifteenth  centurj-  of  our  era,  and  at  the  same  time  they  afford  testi- 
mony as  to  the  kind  of  ink  employed  during  the  pericKl  covered.  The 
basis  of  the  black  ink  used  on  papyrus  by  the  ancient  scribes  was 
undoubtedly  carboti.  a  substance  which  had  the  advantage  of  being 
ciisily  procurable,  while  at  the  same  time  it  was  indestructible  except 
by  tire.  It  was  probably  pn-pared  in  t  he  form  of  veiretable  or  animal 
charcoal,  and  was  mixed  wif  ii  ;_'iiiii,  oil.  (.1  \:irnisti.  Possibly,  forthe 
finer  writing,  water,  with  gum  or  giu»-  as  a  bintling  material,  was  the 
medium  mostly  employed,  for  it  would  flow  more  readily  fnmi  the 
reed  pen  or  quill  used  by  the  writer. 

It  is  certain  that  the  art  of  writing  has  a  remttr  antiquity,  and  that 
the  power  of  recording  thoughts  in  this  way  marks  a  distinct  line  of 
demarcation  between  civilised  man  and  the  savage.  It  is  a  matter  of 
interest  to  consider  the  many  diffen-nt  nuiterials  which  have  Ix'en  used 
for  writing  upon  in  early  times  besides  papyrus.  .Soft  wood  cut  into 
slices  and  planed  an<l  |>olished  was  used  in  various  countries,  the  \wi\ 
being  a  tnctnl  stylus,  which  simply  scratche<l  or  in<lente<l  the  material. 
Later  on,  lli<  wood  tablet  with  a  thin  coating  of  wax  was  employed, 
and  the  writing  upon  it  in  the  case  of  ephememi  memoranda  could 
be  cpiickly  cffac«'d.  Hark  and  j)alm  leaves  were  also  used  for  writings 
of  a  temporary  character,  ami  in  some  countries  in  later  times  Inith 
linen  and  silk  have  been  so  emplove<l.  The  Chinese  are  crctlited 
with  the  invention  of  paper  anterior  to  the  Christian  era.  a  statement 
which  need  n(»t  excite  surprise  when  we  remember  that  they 
anticipated  l*',urope  in  the  invention  of  printing  by  nearly  a  thou- 
saiul  years.     We  may  a.ssumc  that  for  many  centuries  before  this 
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the  art  of  writing  in  China  had  been  brought  to  some  degree  of 
|)er  feet  ion. 

Among  the  Roman  antiquities  found  in  Britain,  whieh  are  now 
deposited  at  the  Hritisli  Museum,  are  many  speeimens  of  the  stylus  in 
ivor>',  bn)nzc,  etc.,  and  some  of  these  are  armed  with  a  sharp  projec- 
tion, with  whieh  guiding  lines  could  he  ruled  across  the  waxen  surface 
of  the  tablets.  The  recti  pen  was  commonly  used  for  writing  on 
papyrus,  and  the  steel  pen  was  foreshadowed  by  a  few  s|>ecimcns  in 
bnmze  found  in  Italy,  and  one  in  England.  This  last  is  among  the 
Homano-Hritish  antiquities  in  the  British  Museum.  It  consists  of  a 
tubular  piece  of  bronze,  about  live  inches  in  length,  which  has  at  one 
end  a  split  nib,  while  the  tube  is  gradually  reduced  in  size  towards 
the  other  extremity,  where  it  ends  in  a  solid  piece,  which  was 
probably  used  for  pressing  down  the  wax  in  order  to  efface  the 
writing. 

In  the  Medi.-vval  Room  at  the  British  Museum  may  be  found  many 
specimens  of  writing  tablets,  some  dating  before  the  seventh  century, 
of  great  rarity  and  therefore  great  value.  Some  of  these  are  what  is 
known  as  "  consular  diptychs,"  so-called  because  these  folded  tablets 
were-at  one  time  sent  as  ceremonial  presents  by  the  Roman  consuls 
on  their  appointment  to  official  persons  or  to  friends.  Many  of  these 
tablets  are  of  ivor\'  and  are  beautifully  carved,  and  the  slabs  or 
plaques  are  sometimes  of  such  a  size  that  the  tusks  procurable  at  the 
time  they  were  made  must  have  been  of  unusual  dimensions,  or  the 
workmen  had  some  means  of  bending  the  material,  the  secret  of  which 
is  now  lost. 

HERCITLANEUM  FRAGMENTS.  In  1821  Sir  Humphry  Davy 
read  a  paper  bcfor*-  tlu-  Royal  Institution,*  in  whieh  he  described  a 
number  of  experiments  that  he  made  with  some  fragments  of  papyri 
which  had  been  found  in  the  ruins  of  Herculaneum.  Of  some  of  these 
papyri  he  .says  :  "  The  black  ones,  which  easily  unroll,  probably  re- 
mained in  a  moist  state  without  any  percolation  of  water  ;  and  the 
dense  ones,  containing  earthy  matter,  had  probably  been  acted  upon 
by  warm  water,  which  not  only  carried  into  the  folds  earthy  matter 
suspended  in  it,  but  likewise  dissolved  the  starch  and  gluten  used  in 
preparing  the  papyrus  and  glue  of  the  ink,  and  distributed  them 
through  the  substance  of  the  MSS." 

He  made  further  experiments  in  the  Museum  at  Naples.  And  of 
some  of  the  MSS.  he  says  :  "  These  MSS.  had  been  so  penetrated  by 
water  that  there  were  only  a  few  folds  which  contained  words,  and  the 
letters  were  generally  era.sed,  and  the  charcoal  which  had  composed 
them  was  deposited  in  the  folds  of  the  MSS." 

*   Trafu.  Rog.  Soe.,  1821,  ii,  191. 
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He  makcH  some  general  observatioiui,  of  which  the  following  arc 
worth  noting  : 

**  1  looked  in  vain  amongst  the  MSS.  and  on  the  animal  (tic)  char- 
coal surrounding  them  for  vestiges  of  letters  in  oxide  of  iron  ;  and  it 
would  seem  from  these  circumstances,  as  well  as  fn)m  the  omission  of 
any  mention  of  such  a  substance  by  Pliny,  that  tlie  Romans,  up  to  his 
|)eri<Kl,  never  used  the  ink  of  galls  and  iron  for  writing  :  and  it  is  ver>' 
probable  that  the  adoption  of  this  ink,  and  the  use  of  parchment, 
took  place  at  the  same  time.  For  the  ink,  conjposed  of  charciwil  ami 
solution  of  glue,  can  scarcely  be  made  to  adhere  to  skin  ;  whereas  the 
free  acid  of  the  chemical  ink  partly  dissolves  the  gelatine  of  the  MSS.. 
and  the  whole  suKstance  atlheres  as  a  mordant  ;  and  in  some  old 
parchments,  the  ink  of  which  must  have  contained  much  free  acid, 
the  letters  have,  as  it  were,  eaten  tlirough  the  skin,  the  cfTeet  Iwing 
always  most  violent  on  the  side  of  the  parchment  containing  no  ani- 
mal oil."  ♦ 

The  disintegration  of  the  piipyrus  by  the  action  of  water,  alludcti  to 
by  Sir  Ihtmphrtf  Ihwti,^  will  be  readily  understcKul  when  we  re- 
member that  this  ancient  writing  material  was  made  of  thin  strips  cut 
from  the  reed  and  cemented  together.  The  strips  were  laid  side  by 
side,  and  then  other  strips  were  laid  across  them  at  right  angles,  the 
whole  being  stuck  together  and  placetl  under  pressure  so  as  to  form  a 
paper-like  sheet.  Papyrus  was  first  used  as  a  single  sheet,  or  in 
lengthy  documents  as  a  long  roll  of  different  sheets  joined  together. 
Later  on  papyrus  leaves  were  bound  together  as  in  a  book.  At  a  ver>' 
early  pericxl  papyrus  was  imported  into  Greece  and  Italy.  It  con- 
tinued to  be  the  chief  writing  material  in  Eg>pt  until  the  tenth 
century,  and  was  largely  used  in  Europe  after  vellum  had  been  intro- 
duced. 

CARBON  INKS.     We  give  illustrations  (Figs,  i .  2,  and  3)  of  various 
writing  imijieinents  dating  back  to  about   1500  B.C.,  which  an-  r\- 
hibited  in  the  Egyptian  department  of  the  British  Museum.      I 
titles  of  these  pictures  sulhciently  explain  their  nature. 

Chinese,  or  Indian  ink.  as  it  Is  ct»mmonly  called  in  this  oountr>-. 
was  made  at  a  very  early  period,  acc<jnling  to  Chinese  historians  as 
far  back  as  between  n.c.  2^97  and  25(>7,  the  inventor  Ix'ing  one  Ti>«- 
Tchen.  Full  particulars  of  the  way  it  is  manufactured  are  given  in  a 
subsequent  chapter.  Its  base,  like  that  of  early  Kg>ptian  and  other 
inks,  is  carbon. 

•  Trans.  Roy.  8oe..  1831,  ii.  iqi. 

t  Sovtoml  illuatntionii  aiv  «tt«rh(Hl  to  Sir  H.  D*vy'*  P*pi^r.  mmtly  abowtng 
fntgnipnt*  of  p*i>ymi«  with  writing  upon  thrro.  Fis.  i  show*  »n  inkpoi. 
•  Rwd  |)en.  »nd  •  roll  of  iMpynin,  and  Fig.  3  •  box  ooDtaining  rolb  of 
papyrus. 
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Fio.  2.     Egyptian  slab  and  mullcr. 


Fio.  3.     Egyptian  wax  tablet. 


6  INKS  AND  THEIR  MANUFACTURE 

Dioscorides,*  physician  to  Antony  and  CIco{)atra  (B.C.  40-30),  in  a 
dissertation  on  the  medicinal  use  of  herbs,  gives  the  pro{>ortion  of 
lamp-black  and  oil  to  be  used  in  the  manufacture  of  ink  (atramentum). 

Vitrnvius,-\  the  Roman  engineer  and  architect  (b.c.  30-A.D.  14), 
describes  a  method  of  preparing  ink  for  mural  decoration  :  soot  from 
pitch-pine  being  collected  from  the  walls  of  a  8|>ccially  constructed 
chamber,  mixed  with  gum  {glutinum),  and  dried  in  the  sun. 

Pliny  X  (a.d.  23-79)  mentions  that  writing  can  be  readily  sponged 
out,  and  also  speaks  of  the  different  varieties  of  ink  in  use  in  his  time.fi 

Martial  \\  (a.d.  100)  sends  a  sponge  with  his  newly  written  book  of 
I>oems,  so  that  the  writing  could  be  effaced  if  the  composition  did  not 
merit  approval. 

It  is  clear  from  these  last  two  references  that  an  oil-carbon  ink  can- 
not be  meant,  for  it  would  be  impossible  of  removal  with  water. 
Either  a  preparation  of  lamp-black  and  gum  must  be  referred  to,  or 
possibly  an  ink  made  from  sepia.  Persius  \  (a.d.  34-62)  refers  to 
ink  becoming  too  thick  and  too  pale  on  adding  water,  and  uses  the 
word  "  sepia."  Cicero,  a  century  rarlitT.  refers  to  the  use  of  this 
natural  ink. 

Many  other  natural  inks,  but  *>!  vegetable  origin,  have  been  u.->id 
for  writing  and  marking  in  various  parts  of  the  world.  All  are  fully 
descrilx'd  in  a  later  chapter. 

IRON  GALL  INKS.  The  monk  Theophilust**  who  wrote  an 
clopuMiia  of  Christian  art  in  the  eleventh  centurj*.  describe*,  aniuug 
other  things,  a  method  of  preparing  writing  ink  from  thorn  wood.  An 
aqueous  extract  of  the  wootl  was  evaponited  to  dr>-ness  and  the 
powder  mixed  with  green  vitriol.  This  is  the  earliest  reference  wliicfa 
we  have  been  able  to  find  to  an  iron-tannin  ink. 

Alberttis  Magtuis  (a.d.  i  193-1280)  also  refers  to  the  preparation 
of  an  ink  from  green  vitriol  in  his  treatise  De  Rebus  Melallicis. 

•  A  treatise  was  published  in  Paris  in  1393,  under  the  title  of 
Menagirr  de  Paris,  in  which  a  metluxi  of  pre|>aring  an  iron  ink  with 
galls  was  descrilH'd. 

The  Librr  Illuminaslannn  (a.d.  1500)  gives  the  following  directions 
for  the  preparation  of  writing  ink  : 


Int4>Kra  Hit  gall«\  nuni)..  .-•;  ..i.. ...  ^,........ 

Vitriuls  quarta.     AppotUM  octo  falrmi. 

IVfckrr,  a  doctor  of  medicine  of  Basle,  in  161 2  tt  describes  the  pre- 

•  Fnli '•••■'•!.  1598.  in  Orf««'k  nn<\  Ijilin. 

t  1)'  'I.  lib.  vii.  I  t  ^^'  Bi0t.  xxirii.  f  52. 

$  /fri  '  (1.  IV.  10.  f  8mtin«,iii.  13. 

**  1h(«u|iiului«.  />         I' i>;   AtmmSchedula.lih.  i.  chsp.  xl.  p^  48,  Hrndric'a 
t  Minf«l«ti(in. 

tt  y>  Srrreti*,  lib.  xmi      i 
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panitioa  uf  siii  indelible  ink  eonipounded  uf  lanip-blaek  and  linseed 
oil.  He  also  alludes  to  coloured  inks,  and  in  partieular  to  syinpa- 
tlietie  inks. 

Prier  Canneparius,  professor  of  medicine  at  Venice,  wrote  on  inks, 
I)e  Atramentis,  etc.,*  and  described  the  composition  of  various  sorts 
of  ink.  Hiaek  ink  is  referred  to  as  being  made  from  ^alls  and  vitriol, 
while  coloured  inks  are  procured  from  gums,  woods,  the  juices  of 
plants,  etc. 

Incidentally  he  quotes  a  popular  Italian  proverb  : 

Una  due  tre  e  trenta 
A  far  la  bona  tenia. 

That  is  to  say.  one  part  of  gtim,  two  of  vitriol,  and  three  of  galls  in 
thirty  parts  of  water 

Sir  E.  Maunde  Thompson  remarks  f  that  ink  differs  in  tint  at 
various  periods  an<l  in  different  countries,  and  that  while  in  early 
MSS.  it  is  pure  black,  or  slightly  brown,  in  the  Middle  Ages  it  varies 
a  gmxl  deal  according  to  age  and  ItK-ality.  He  also  tells  us  that  in 
Italy  and  Southern  Kurope  the  ink  of  MSS.  is  generally  blacker  than 
in  the  north,  and  that  a  Spanish  MS.  of  the  fourteenth  or  fifteenth 
century  may  usually  be  recognised  by  the  peculiar  blackness  of  the 
ink.     The  ink  of  thr  lirtctiith  ccnturj-  is  often  of  a  faded  grey  colour. 

THE  LINDISFARNE  GOSPELS.  The  MS.  known  as  The  Lindis- 
farne  (iospels,  or  The  Gospels  of  St.  Cuthbert,  or  The  Durham  Hook,  is  of 
great  interest,  for  it  is  one  of  the  earliest,  and  certainly  one  of  the 
most  beautiful,  MSS.  on  vellum  possessed  by  the  British  Museum. 
Four  paintings  representing  the  Evangelists  precede  the  respective 
Gospels,  ami  three  of  them  are  shown  in  the  act  of  writing.  It  is 
noteworthy  that  the  pen,  verj-  plainly  shown  in  the  figure  of  St. 
Mark,  is  cut  like  a  (juill.  This  MS.  is  unusually  fresh  and  clean, 
although  according  to  tradition  it  was,  upon  one  occasion,  lost  at  sea 
in  a  violent  storm,  and  was  recovered  at  low  tide  by  the  intervention 
of  St.  Cuthbert.  The  date  at  which  is  was  written  is  supposed  to  be  at 
the  close  of  the  seventh  century'.  This  valuable  MS.  is  placed  in  a 
case  next  to  an  MS.  of  Shakespeare's  time  ;  and  although  one  is 
nearly  nine  centuries  older  than  the  other,  the  ink  of  the  earlier  work 
is  perfectly  black  and  well  preserved,  while  that  of  the  other  is  very 
much  faded. 

With  regard  to  the  later  M.SS.  on  pai>er  and  parchment,  and  con- 
fming  our  attention  to  those  which  are  exhibited  in  the  open  ca.ses  at 
the  British  Museum,  there  is  little  to  complain  of  in  the  quality  of  the 
ink.  The  writing  is  mostly  of  a  rich  dark-brown,  and  we  may  take 
it  that  if  an  MS.  has  thus  preserved  its  freshness  for  three  or  four 

•  London  edition,  1660.  f  Ortek  and  Latin  Palaography.  ^ 
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ci-iit  mi'  >  I  hi  ink  II  1.1  \  111  1 1  _M  n  |i  '  I  .1  ^  j  .1  I II  I.I  II'  lit  '  r  all  practi- 

cal  j)iirj)<»sfs.  it  IS  iiitcrrslin;^  to  note  that  it)  ^onic  ol  these  MSS. 
twoclifforent  inks  have  hren  used  on  the  .saiiic  |>U}{e.  For  4n»tn?Mf . 
we  huvf  here  the  Bible  whieli  bel(»nj»eci  to  Milton,  on  thehrst  p 
whieh  he  has  entered  in  his  own  hand  memoranda  of  the  births  •': 
self  an<l  members  of  his  family.  All  the  entries  are  written  in  a  dark 
ink.  with  one  exeef)tion — this  is  the  entr>-  referring  to  the  birth  of  his 
<lau;,'lilt  I  I)  Idiiiili  nil  ■tlic  jnd  of  May.  beinj;  Sunday,  somewhat 
before  ^  nt  tin  (lock  in  the  morning.  n>52."  Th<-  ink  in  this  eaM*  is 
verv  i);ile.  tin-  loss  of  colour  btinu  possibly  due  to  hastv  diluti(»n. 

TRANSITION  FROM  CARBON  TO  GALL  INKS.  The  transit ii.n 
I'loin  laiboii  ink  to  that  made  from  j.':»lls  and  iron  is  a  Ncry  gradual 
■  iiii  ;iiii|  w  (  linil  many  writers  deploring  tlie  effects  of  that  change. 
Ml  .  Iv//'  *(!-,)  rDinjilains  that  the  modern  ink  is  n«»t  comparable 
with  llial  Ms.  li  hy  tin-  ancii  iits,  and  attributes  the  deterioration  to 
ne«jlitren(  I  m  nianuraclurc.  He  writes:  "  Ciall-nuts.  eop|K-ra.s.  and 
L''i:ii  mike  up  the  composition  of  our  inks,  whereas  s«M»t  or  iv<»ry  Mm  k 
was  (Ik-  chief  iniiredient  in  that  of  the  ancients." 

Anotlii  I  |iaiHi,'raph  from  the  same  source  is  worthy  of  <|Uolati«in  : 

'■  .MlliuiiL'li  pipfT  is  iiiiw  chiidv  made  from  linen  ruga  Ix-uten  to  u 
imlji  ill  w.iti-r.  \  I  t  ii  III  i\  .lU.i  1m  in  III.  1  if  nettles,  hay,  straw,  parsnips, 
t  iiriii|i^,  (1  ill  \\  1 .1 1  li  :i\  I  s.  tj  1  \.  ,  ,i  ( .1  ;iii\  til  irons  \'ejjetablc." 

This  i-\i  iMii .  \\  rii  till  pi-t  :i  <•(  111  iii\  .11''  1,  Is  iiitiTestinji  in  view  of  the 
circuinshiiK  1  Ih  il  linen  ra;,'s  arc  now  only  us«'d  f«)r  the  ven^*  nnest 
grades  ol  |i:i|ii  i .  WimmI  pulp  is  now  largely  emplove<l,  and  there  is 
lmoiiikI  tur  tlie  fear  that  in  the  future  if  will  not  be  the  <|uality  of  the 
ink  u  hi(  h  will  be  called  into  question,  so  much  as  the  perishing  of  the 
material  ii|ion  whieh  the  writing;  is  rectirded. 

We  III  ly  ilso  notice  here,  *'  Some  Observations  on  Ancient  Inks  '  f 
\\  III  li  loniu  (1  t  111  suhjt  1  !  of  a  comnumication  to  tin-  Hoyal  SiK'iety  by 
Sir  Cltiiiiis  lSI(i\'ilin.  lie  made  c\|KTinu'nts  on  \ari«>us  MS.S.  on 
\  lihiiii,  il:it<  .1  1 1 .  Ill  I  till-  milt  h  to  till-  tittci  lit  II  ciiituries.  The  ink  of 
Slim  ■  was  siiij  ijiiiti  lilai  k.  \shili  that  of  hIIk  ts  \aricd  fnuiJ  a  deep 
\i|lo\sish  liiouii  to  a  \ir\  ]i.il<  \  i  llou  .  'Ihi^t  vmtc  lent  htm  bv 
Mr.     Istlr. 

Ill-  made  several  e\|i'  riim  nl  ■-.  ami  «oii\  Mil  (  ij  hmiscir  t  liaf  t  lt<-  ink 
Used  in  these  MSS.  was  iroii-j^all.  \   ■  'fur  d  ;i  lij.u  k  |.i::m<  nt   of 

.any  soil   w  as  di^cov  critl." 

Ill  .ittiiliiiti  s  •  I  lie  jjreater  durability  t>f  the  n»ore  ancient  ir»ks  '" 
to  I  Ik  moil  ( ;ir<  fill  preparation  of  the  parchment  or  vellum:  one 
writinu  oiil\  n  si>ted  all  the  ayents  whi«"h  In-  em|)loye<l,  and  that 
turned  out  siil>s<(|ucntly  to  be  part  of  a  m  rv  ancient  printed  book. 

•  1 1,, .J  in  of  Writ: 

'    / ft....   v..  ,    , 
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lVrha|)s  tfu-  c-liaiij^i-  of  wliirli  so  iimiiy  writors  coiniilaiii  may  Ik.' 
more  rfasonal»ly  usoribftl  to  the  want  of  knowUilj^e  with  rt-jjanl  to  the 
j»ro|KT  pro|M>rtions  of  the  in};re<lients  employed  in  the  preparation  of 
ink,  which  hjul  not  yet  attained  the  position  of  an  article  of  commerce. 

DOBfESTIC  INK  MAKING.  It  is  ver>'  dillieult  for  us  in  this 
twentieth  century  to  reahse  a  time  in  Britain  when  the  art  of  writinjj 
was  a  polite  accomplishment,  only  known  to  a  privileged  few  ;  when 
the  conunereial  manufacturer  of  ink  did  not,  could  not  exist,  for  he 
would  have  starved  through  lack  of  custom.  Then  it  was  that  the 
careful  hous(^>wife  would  rank  it  among  her  duties  to  make  ink,  just  as 
she  made  cordials,  and  eompoun<led  medicines  of  marvellous  origin 
for  the  family  use  ;  and  we  may  take  it  for  granted  that  reci|)es  for  the 
manufacture  of  writing  fluids,  sympathetic  and  otherwise,  would  Ik> 
handed  down,  with  other  nostrums,  as  precious  heirlooms  from 
generation  to  generation. 

We  have  evidence  of  this  in  an  interesting  volume  which  wa.s  pub- 
lished some  years  ago  by  Mr.  George  Weddell,  of  Newcastle-upon- 
Tyne.*  It  is  a  book  of  family  recipt^,  which  came  into  his  hands  by 
an  accident.  He  has  repro<luced  it  \n  facsimile,  and  it  is  certainly  a 
most  interesting  relic  of  domestic  life  in  the  sixteenth  and  seventeenth 
centuries.  It  deals  with  all  kinds  of  things,  good  and  bad,  from 
recijK's  for  apple  pasties  to  cures  for  the  King's  evil.  And  among  the 
strangely  assorted  items  we  find  several  recipes  for  making  ink.  By 
the  kind  permission  of  Mr.  Weddell  we  reprotluce  one  of  these  as  a 
frontispiece  ;  and  as  few,  possibly,  of  our  readers  will  be  able  to 
decipher  the  strange  calligraphy,  the  gist  of  a  transcription  which  Mr. 
Weddell  has  been  gooti  enough  to  supply,  is  given  in  chap.  iv. 
.'Vnother  recipe  in  this  delightful  old  volume  stands  as  follows  : 

Take  a  quart  of  fair  spring  water,  one  ounce  of  copperas,  two  ounces  of 
gall,  and  four  ounces  of  gum-arabick,  mingle  them  together  and  let  them  stand. 

Here  is  another  method  : 

Take  four  ounces  of  gum  arabick  beat  small,  2  ounces  of  gall  beat  gross. 
One  ounce  of  copperas,  and  a  quart  of  the  comings  off  strong  ale.  Put  all 
these  together  and  stirr  them  3  or  4  times  a  day  about — 14  dayes  then  strein 
it  through  a  cluth. 

Then  follows  this  note  : 

I  made  ink  by  ye  above  rcct.  only  putting  half  ye  arabick  and  as  good  M 
ever  was  used. — K.  Green. 

One  m<»re  recipe  from  the  same  source  is  as  follows  : 

Mr.  Mason.  Exciseman,  his  rect.  for  making  ink,  which  is  very  good. 
Take  a  quart  of  rain  or  other  soft  water  and  put  to  it  4  oz.  of  be«t  blue  galls 
grow  by  beattin — let  it  stand  warm  for  3  days  then  add  3  oz.  of  copperas 

*  Arcana  Fairfaxtana  Manu«cripta,  1890. 
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4  OK.  of  gum  ditto  roach  (ruck)  allum  let  it  ttUnd  2  or  3  (!•▼■  ^ofP^''  l>ut  ahM,ku 
it  up  2  or  3  timm  •  dav  put  •  little  Bnndy  into  the  ink.  T&  boiUein  H 
will  hinder  it  from  Mouidiiieai. 

There  i.s  no  date  tu  any  of  these  recipes.  Mr.  Weddell,  who  haa 
made  a  study  of  the  different  handwritings  reproduced  in  this  book,  is 
of  opinion  that  the  llrst  of  them,  our  frontispiece,  is  certainly  Kliza- 
hcthan,  and  that  it  was  probably  written  at  the  end  of  the  sixtrmth 
ftntury  by  a  man  past  middle  age. 

A  l><K)k  on  handwriting  by  John  de  Beau  Chefne  and  M.  John 
llaildon,  printed  at  Hlackfriars  in  1 571,  entitled  A  Book  containing 
divers  Sorts  of  Hands,  contains  '*  Rules  made  by  K.  B.  for  his  children 
to  leanie  to  write  bye.''  They  include  directions  for  nwking  ink. 
These  are  cpiaint  enough  to  deser\'e  quotation  : 

To  make  romipon  ynckc  of  Wyne  take  a  qoarte. 

Two  ounces  of  gomme,  let  that  be  a  parte. 

Five  ounccH  of  gallcK.  of  copres  *  take  three, 

Ixing  Ntanding  dmith  make  it  better  to  be ; 

If  wyne  yo  do  want,  rayne  water  is  beet. 

And  ax  much  stuflo  as  above  at  the  least : 

If  yncke  be  to  thick,  put  vinegre  in. 

For  water  dooth  make  the  colour  more  dimme. 

In  haitt  for  a  xhift  when  ye  hare  a  great  ni>de. 

Take  woll.  or  wollen  to  stand  youin  HtetKle  ; 

\\  hit  ho  bunit  in  the  fin?  the  powder  Ix-tt**  Hmall 

With  vinegre.  or  water  make  j'ncke  with  all. 

If  ynckc  yv  d«-»in»  to  keep  long  in  store 

Put  l>ay  Halte  therein,  and  it  will  not  hoare.f 

If  that  common  yncke  be  not  to  your  roinde 

Some  lampblack  thereto  with  gomme  water  grinde. 

In  1609  an  iron-gall  ink  was  invented  by  iiuyot,  and  solfl  mi  tli< 
Pont  Ncuf.  Paris,  under  the  title  ot  mere  de  la  petite  vrrtu.X 

In  the  following  ccntur>',  so  much  more  attcntioil  appears  to  ha\-e 
been  given  to  the  manufacture  of  writing  ink,  that  we  find  a  com- 
pound known  as  "  the  celebrated  DrcMlen  ink  "  being  used  in  Ger- 
many.    Wf  ^'ivr  fiirllur  ditails  as  to  its  <xtm|M>sition  in  chap.  iv. 

SCIENTIFIC  EXPERIMENTS.  The  earliest  seientinc  investigation 
of  the  chemiral  rca('ti«)ns  !>•  t\M<  n  iron  sidts  and  an  infiision  of  galls 
ap|)ears  to  Im*  that  af  UoImtI  /<«'i//<, J  who  showed  that  a  prt*cipitate  wa-s 
f  >btaincd  on  mixing  these  citief  ingredients  of  ink.  I  le  also  descritied 
tiie  results  of  treating  ink  witli  various  reagents,  and  sh<>wr<)  tb.tt 

•  Copperas. »".«.  ¥980^. 

t  A.S.  kar,  hoary,  grey.    loe.  Aorr.    In  alhtikHi  to  tke  grey  cokior  ciaawd 
by  mould. 
':   Hlundel.  />«  OmtiU  tU  TSertMna,  iteot,  p.  153. 

!i  >•'»»'  CoiuidenttiomM  iMtdUa^  At  Vupitmtma  9i  MMpmitmmkU  Nmtwrat 
i'AiioMfiAy,  Ukfonl    i 
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siinilur  rvuotions  with  iron  salU  were  given  by  the  juices  of  various 
plants. 

Olto  Tachen  (llippocralis  Chimicus,  1666)  attributed  the  furmation 
of  ink  to  the  presence  of  an  alkaU  in  the  galls,  which  neutnilised  the 
aeidity  of  the  vitriol  ami  fonned  a  black  colouring-matter.  He 
showetl  that  when  writing  was  treated  with  an  acid  it  disappeared, 
while  on  adding  an  alkali  it  again  became  visible.  He  also  investi- 
gated the  reactions  given  by  the  salts  of  other  metals,  such  as  copper, 
silver,  an<i  mercury,  with  an  infusion  of  giills. 

William  Lrwis,  M.l).,*  in  1748,  has  the  credit  of  being  the  first  to 
make  writing  Huids  the  subject  of  scientific  experiments,  and  to  draw 
deductions  as  to  the  Ix'st  proportions  of  the  various  ingredients  re- 
quired to  make  a  really  permanent  ink. 

Ribeaucourt  (1792)!  carried  out  experiments  on  the  same  lines  as 
I^wis,  but  arrived  at  somewhat  different  conclusions  as  to  the  correct 
proportions  of  the  constituents. 

UNOXIDISED  GALL  INKS.  The  use  of  dyestuffs  such  as  logwood 
or  indigo  to  strengthen  the  colour  of  the  ink,  was  practised  to  a  small 
extent  during  the  eighteenth  eentur>'  ;  but  the  inks  were  still  of  one 
type,  that  is  to  say,  the  fluids  were  more  or  less  oxidised  before  their 
application  to  the  pajwr.  In  the  early  part  of  last  centurj',  however, 
a  radical  change  came  about  in  the  method  of  manufacture,  and  credit 
for  the  innovation  is  claimed  by  the  well-known  firm  of  Stephens. 
Previously,  to  this,  the  finished  ink  was  exix>sed  to  the  action  of  the 
atmosphere  so  as  to  darken  it  as  much  as  possible,  whereby  it  was 
rendered  more  or  less  insoluble,  and  would,  therefore,  for  the  most 
part,  remain  on  the  surface  of  the  paper.  The  new  process  con- 
sisted in  keeping  the  ink  from  oxidation  as  far  as  possible,  so  that  the 
formation  of  the  insoluble  pigment  would  take  place  within  the  fibres 
of  the  paper  ;  at  the  same  time  indigo  was  added  to  give  the  fluid  a 
'•  provisional "  colour. 

An  unoxidised  ink  of  the  same  type  was  patented  by  Leonhardi  in 
Hanover  in  1856,  a  small  proportion  of  madder  being  incorporated  in 
addition  to  the  indigo.  Hence  the  term  alizarine,  which  has  been 
accepted  as  a  descriptive  title  for  this  type  of  ink,  although  Leonhardi 
subsequently  omitted  the  madder  as  being  superfluous.  Attempts  to 
employ  the  more  appropriate  term  ■"  isatin  "  (indigo)  to  such  inks 
were  unsuccessful,  and  they  are  still,  on  the  lucus  a  non  lucendo 
principle,  sometimes  called  "  alizarine,"  although  the  term  is  fast 
becoming  ob8t)lete.  Other  manufacturers  have  seen  the  advantages 
of  a  non-oxidised  ink,  and  blue-black  writing  fluids  are  now  largely 
made.     In  1 801  Srhluttig  and  Seumann  examined  eighty-one  German 

•  Comnvrcium  PhUoaofhicfhtechnicufii,  London,   17'M.  p.  377. 
t    Ann.  ('htm.,  1792,  XV,  II3. 
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inlcM,  and  found  that  all  were  of  the  nt\\  i\  |><  tli<  Mlder  kind  of  ink 
beiti^  iiMairiiiltlc  uiily  from  a  few  Knuiil  niuki-rs. 

ANILINE  INKS.  The  next  <leveh)pnient  in  the  manufacture  of  ink 
is  found  in  the  uhc  of  aniUne  dyen,  not  merely  for  coIoure<l  writing 
fluids,  but  also  for  taking  the  place  of  the  indi)(o  in  the  black  inks. 
The  first  Dritish  patent  for  the  employment  of  these  <lye«  as  ink  wa« 
granted  to  Croc,  of  Paris,  in  1861,  and  it  was  followed  by  »e>'eral 
others.  Thus,  under  the  name  of  "  Stylographic  ink  "  a  solution  of 
nigrosinc  was  intrcHlucetl  in  1867,  as  l>eing  sfK-cially  sM-t  .M-  <•• 
account  of  its  flui<lity,  for  stylographs  and  fountain  |K*ns. 

In  1878,  at  the  Paris  Kx|M)sition,  a  medal  was  given  to  tiir  inaKirN 
of  an  aniline  ink  which  was  found  capable  of  great  resistance  to  the 
action  of  acids,  alkaliis.  and  chlorine. 

GERMAN  REGULATIONS.  In  1879  Profcusor  Koester,  of  Ikmn. 
wrote  to  the  (ierman  Chancellor,  |M)inting  out  the  danger  of  using 
aniline  inks  for  historical  documents  on  account  of  their  instability  ; 
and,  as  a  result  of  this,  Prussia  passed  a  law  in  the  same  year  enacting 
that  only  iron-gall  inks  should  be  ust>d  ollicially. 

In  1888  rules  for  testing  ink  were  publishe<l,  and  inks  were  classifle<l 
according  to  the  way  in  which  they  answeretl  to  these  regulations. 
Some  of  these  tests  were  severely  criticise*!  by  Schluttig  and  S'eumann. 

In  1012  new  regulations  were  nmdc  in  Prussia,  acc-ording  to  which 
inks  were  classified  into  the  two  groups,  "  documentary  *'  and 
"  writing  inks/'  the  latter  being  subdivided  into  (a)  iron-gall  inks 
and  {h)  logwoml  and  dyestuff  inks. 

The  <lellnitions  and  methods  of  examining  these  different  classes 
of  ink  are  described  later. 

Several  other  countries  have  adopted  ink  regidations  of  a  similar 
clmracter.  For  example,  all  ink  used  for  ollicial  purposes  in  the 
State  of  Massachusetts,  U.S.A.,  must  answer  to  the  German  require- 
ments.* 

OTHER  INKS.  Coloured  inks,  marking  inks,  printing  inks,  and 
inks  for  s|HM'ial  purposes,  need  only  Im*  alluded  to.  as  they  are  fully 
dealt  with  in  subsequent  chapters.  The  interesting  question  of  the 
detection  of  forgeries  by  photographic  and  other  means  is  also  con- 
sidered at  length. 

*  Information  kincilv  communicated  by  Dr.  BrniM^tt  I>a\-cn|)ort.  Boaton, 
U.S.A. 
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Sfpiaic  acid  :  BritUh»epia  :  Examination  of  coniiiKn  iat  m  pi^i  :  Indian 
or  Chinese  Ink  :  Lamp-hlack  :  Com{K>8ition  :  Manufacture  of  lamp- 
hlark  :  Old  European  methods  :  Manufacture  of  Indian  ink  :  Qualities 
of  Indian  ink  :  Examination  of  Indian  ink  :  Practical  tests  :  Carbon 
Writing  Ink  :  Ancient  carbon  inks  :  Modem  carbonaceous  inks. 

As  was  shown  in  our  preliminary  historical  sketch,  inks  having  carbon 
or  a  carbonaceous  compound  in  a  finely  divided  state  for  their  pigment 
date  back  to  j>eriods  of  remote  antiquity,  though  for  writing  purposes 
they  have  to  a  large  extent  been  superseded,  at  least  in  Europe,  by 
inks  in  which  the  pigment  is  more  or  less  in  solution. 

The  inks  which  may  be  conveniently  considered  under  this  heading 
comprise  (1)  Sepia,  (2)  Indian  or  Chinese  ink,  and  (3)  inks  of  the  type 
of  the  ancient  writing  inks,  which  contain  elementary  carbon  sus- 
pended in  a  suitable  medium. 

(1)  Sepia 

SOURCE.  The  black  or  dark-brown  pigment  known  as  sepia  is 
contained  in  a  secretion  formed  in  a  special  glandular  organ  of 
different  species  of  Cephalopoda,  including  the  common  cuttle-fish  or 
squid.  The  '*  ink-sac  "  or  "  ink-bag  "  as  this  glandular  organ  is 
popularly  called,  has  strong  fibrous  walls,  and  is  generally,  though  not 
invariably,  provided  with  a  separate  ejaculatory  duct. 

Mr.  Martin  Duncan,  who  had  made  a  study  of  living  members  of  the 
Cephalopoda,  which  he  kept  in  a  large  tank  niade  for  the  purpose, 
stated  in  a  lecture  before  the  London  Camera  Club,  October  15,  1903, 
that  it  was  not  an  easy  matter  to  cause  a  cuttle-fish  to  exhaust  its 
stock  of  ink.  .\nd  the  facility  with  which  it  would  discharge  the 
liquid  upon  the  least  provocation  was  one  of  the  great  difficulties  with 
which  he  had  to  deal  in  prosecuting  his  inquiries  ;  for  a  whole  tank 
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full  ofVntcr  would  be  clouded  in  a  few  secondR,  and  work  had  to  be 
suH|)ondi*d  until  the  vessel  had  been  thoroughly  cleaned  and  refllled. 
lie  alH<j stated  that  an  exhauHted  cuttle  had  the  |Kiwer  of  renewinjj  the 
inky  secretion  in  as  short  a  {H'riiMl  as  a  (quarter  «>f  an  hour. 

Fig.  4  represents  the  eonunon  euttle-Hsh  {Sepia  officinnlifi)  from 


Flo.  4.     I'ommun  ruttlc-R»h  (Srpta  officmn! 

which  the  ink  is  obtained.  Hy  the  kindness  of  th«  ^  .ii...w.  ...  i.., 
Gi-ologittil  Museum.  London,  we  have  \>ovn  able  to  photograph  speci- 
mens of  fossil  CephaloptMla  from  the  niue  Lias  in  which  the  ink>b«|i(H 
remain  intact.  It  is  a  well-known  circumstance  that  this  fossil  itrpia 
ban  l>een  more  than  once  ground  up  with  water  and  found  to  fumiith 
an  excellent  ink.  This  is  alluded  to  in  the  Bridgewater  Treafi"*^  hy 
Dean  Huckland.  In  Figs.  5  and  6  the  ink  sacs  are  indicated  ' 
white  pointers. 
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Mr.  Ilrnry  />r,  for  some  time  Naturalist  to  thv  Briuhdui  Arpiariinn 

writing  of  this  l>|]u*k  fluid,  says  :  * 

'•  The  cuttle  (sepia)  disclmrgcs  it  on  tlu  slij^littNt  pr<<\(Kalj»>u  .  ..i.,. 

this  is  sometimes  ver>'  troublesome  and  annoying  when  this  8i>eoies  is 

exhibited  in  an   aquarium.      The  quantity  of 

water  its  ink  will  obscure  is  really  surprising. 

The  fluid  is  secreted  with  amazing  rapidity,  and 

the  black  injecti«)n  frequently  occurs  several 

times  in  succession.     I  have  often  seen  a  cuttle 

t-ompletely  spoil  in  a  few  seconds  all  the  water 

in  a  tank  containing  a  thousand  gallons.'" 
The  extreme  diffusibility  of  the  pigment  is 

also  referred  to  by  L're.f  who  states  that  one 

part  of  sepia  immediately  renders   1000  parts 

of  water  opaque.     The  cuttle-fish  is  thus  pro- 

viiied  with  a  most  effective  weapon  of  defence, 
which  enables  it  efTectually  to  cover  its  retreat 

when  attacked  by  its  enemies. 

The  pigment  most  highly  \'alued  is  that 
obtained  from  the  Mediterranean  cuttle-fish, 
Sepia  officinalis,  and  from  S.  loligo,  and 
.V.  lunicala,  though  it  is  also  prepared  from  the 
ink-siK*s  of  other  sjK*cies.  The  ink-sacs  are 
removed  as  soon  as  possible  after  the  capture 
of  the  fish,  and  rapidly  dried  to  prevent  putre- 
faction. It  is  a  common  practice  for  the 
fishermen  on  the  South  Coast  of  England  to 
remove  the  ink-bags  of  the  cuttle-fish,  whose 
flesh  they  use  for  their  bait,  and  to  keep  them 
in  a  dried  condition  until  they  can  disp>ose  of 
them  to  the  manufacturers.  A  large  amount 
of  sepia  is  also  obtained  from  Ceylon,  where 
the  cuttle-fish  are  collected  by  natives  for  a  very 
low  daily  wage.  Fig.  5.     K  i. 

MANUFACTURE.     There  is  good  rea.son  for 
bclii'ving  that   ink  manufactured  from  the  pigment  of  the  cuttle- 
fish was  used  as  a    writing-ink  by  the  Romans,*  but  it   is  now 
probably  used  exclusively  In  the  manufacture  of  the  "  sepia  "  f»f  the 
artists. 

For  this  purpose  the  dried  ink-sacs  are  pulverised,  and  the  powder 
triturated  with  caustic  lye  and  boiled  for  thirty  minutes.     The  liquid 
is  then  filtered  and   neutralised  with  hydrochloric  acid,  and    the 
•  Aquarium  NoUa — The  Octopus, 
t  Diet.  ofChem. — Sepia.  %  PeniaB,  loe.  eit. 


16  INKS  AND  TIIKIIl  MANl  FACTUHK 

|>:cci|>itut(<l  pi^'inrnt  rcpeatttlly  washed  with  water,  and  driotl  :if  :i 
low  ten)|K>rature. 

M(MlifleationH  of  this  proeess  are  uned  by  different  nianufacturcni, 
the  exaet  details  of  whieh  are  regardetl  as  trade  seerets. 

The  piji^ient  separated  from  the  other  constituents  by  some  Hueh 
process  as  descril)ed  alnivc  is  grouncl  down  to  an  impalpable  jjowder 
on  a  marble  slab,  usually  by  manual  laliour.     It  is  then  made  up  into 


Fn.  6.    FomU  BBfiik. 

cakes,  or  is  prepared  in  a  moist  condition  and  put  up  in  {tans  or  ttilx-s. 
or  is  incorporated  with  oil  for  use  as  an  <»il  paint. 

In  purehasini;  the  raw  material  the  manufacturer's  chief  considcra* 
lion  is  to  see  that  the  ink-sacs  are  full,  not  withered.  There  di>es  not 
appear  to  be  much  variation  in  the  colouring;  jwwer  of  different 
sanipirs  nf  the  (Tudf  sepia. 

CHEBUCAL  COBIPOSmON.  It  has  fh-quently  »)een  stated.* 
though  without  justification,  that  the  pijfinent  of  the  cuttle-flsh  cf)n- 
sists  of  hncly  divided  carbon  ass<K*iated  with  proteid  substances  and 
calcium  phosphate,  but  it  is  now  known  to  be  a  complex  organic  com- 
pound. 

Kemp,'\  who  examined  the  liquid  fntm  the  ink-sac  whilst  in  a  fresh 
state,  found  that  it  yielded  precipitates  with  alcohol,  mineral  acids, 
tannin,  and  mercuric  chloride.  It  was  very  viscous,  and  possessed  a 
(MHTuliar  fishy  inlour.  but  little  taste.  lie  cante  to  the  conclusion 
that  it  consisted  mainly  of  albumin,  with  possibly  some  gelatin. 

Shortly  afterwanls  Proul  X  made  a  chemical  examination  of  the 

•  K.g.  in  Tomlinnon'fi  Cylopfrtlta  of  I'^ff ul   frf<.  f^si.  p.  .S«V*. 
t   Nicholaon'fi  JoMrN.  of  Sat.  Philtm..  f" 

♦  .^iiN<i/4  of  PkiUmtpky,  |8lJ,  r,  417. 
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bluek  risuJue  conlaiiud  in  tlie  drifd  iiik-Mic.  It  was  u  hani,  brittli-, 
browiiish-bhuk  substance  with  an  iridescent  lustre.  When  powtlered 
it  yiehled  a  violet-bhick  powder  without  odour,  but  with  a  shghtly 
salt  taste.  Its  specific  gravity  was  i  .640.  When  digested  with  water 
for  a  long  time  it  yielded  a  brown  solution,  giving  a  brown  precipitate 
with  Uuul  nitrate.  It  was  found  to  contain  the  following  constituents: 
Black  pijjnunt  (melaniu),  78  percent.  ;  calcium  carbonate,  10.4  per 
cent.  ;  sulphates  and  chloritles  of  the  alkali  metals,  2.16  per  cent. ; 
and  mucine,  0.84  percent. 

The  melanin  was  isolated  by  boiling  the  black  mass  with  successive 
portions  of  water,  hydrochloric  aci<l,  and  dilute  anuuonium  carbonate 
solution.  The  residue  thus  obtained  was  a  black  shining  powder 
resembling  charcoal  in  appearance,  and  emitting  a  fishy  odour  when 
burned.  It  was  insoluble  in  water,  alcohol,  or  ether,  though  it  re- 
mained for  a  long  time  in  suspension  in  water.  By  adding  acids  or 
ammonium  chloride  to  the  water  its  separation  was  accelerated.  It 
WIS  p:irtially  soluble  in  hot  potassium  hydroxide  solution,  yielding  a 
brown  licpiid,  from  which  slight  precipitates  were  obtained  with 
hydrcK'hloric  or  sulphuric  acids,  but  not  with  nitric  acid.  The  original 
pigment  was  (juite  insoluble  in  the  two  former  acids,  but  dissolved  in 
nitric  acid.  It  was  also  soluble  in  ammonium  hydroxide,  but  not  in 
solutions  of  ammonium  carbonate. 

\  more  recent  research  is  that  oiGirod*  who  made  a  full  analysis 
of  the  liquid  secreted  by  the  ink-sac  of  iS.  officinalis.  He  found  it  to  be 
odourless,  but  having  a  slightly  salt  taste.  \Vhen  examined  under 
the  microscope  the  li(piid  was  seen  to  consist  of  minute  corpuscles 
susi)ended  in  a  clear  serum. 

Chemical  analysis  showed  the  liquid  to  consist  of  60  per  cent,  of 
water  ;  <S.6  |>er  cent,  of  mineral  matter  ;  30.54  per  cent,  of  insoluble 
organic  matter  ;  and  o.8«)  per  cent,  of  soluble  extractives. 

The  mineral  matter  included  calcium,  magnesium,  sodium,  potas- 
sium, iron,  carbonates,  sulphates  and  chlorides,  though  curiimsly  it 
was  free  from  plu)sphates. 

The  pigmentary  substance  was  obtained  in  a  pure  state  by  digest- 
ing the  dried  residue  for  four  days  with  alcohol,  and  then  for  four  days 
with  ether,  to  remove  the  extractives.  It  was  then  collected  on  a 
filter,  washed,  and  digested  with  glacial  acetic  acid  to  eliminate 
albuminous  substances,  then  with  potassium  carbonate  to  remove 
mucine.  and  finally  with  dilute  hydrochloric  acid  (i  :  i'>)  to  free  it 
from  the  mineral  salts. 

.\s  thus  prepared  the  pigment  (after  dr>'ing  at  100°  C.)  was  a  black 
homogeneous  substance,  leaving  no  residue  of  ash  on  ignition.     It 
was  insoluble  in  water,  alcohol,  ether,  and  acids,  with  the  exception  of 
•  Comptea  Renilu«,  188 1,  xciii,  96. 
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nitric  acid.     It  was  bleached  by  chlorine  and  by  blearhin{»  fKiwdcr, 
and  when  heated  with  Htxla  hnic  evolved  ammonia. 

Its  elementary  com|>08ition  was  as  follows  :  Carlxtn  nitro- 

gen, 8.8  ;  hydrogen,  4.04  ;  and  oxygen,  33.5O  per  cent. 

Srpiaic  Acid.  In  1888  Nencki  and  Frau  Sirber*  obtained  an 
amorphous  substance,  to  which  they  gave  this  name,  by  treating  the 
pigment  melanin  with  fifteen  times  its  weight  of  a  10  per  cent,  solu- 
ti<in  of  potassium  hydroxide.  It  had  the  following  clementar>'  com- 
position :  Carlwn,  56.3  ;  hydrogen,  3.6  ;  nitrogen,  1  2.3  ;  sulphur, 
0.5  ;  and  oxygen,  27.3  i>er  cent.  It  was  found  to  be  soluble  in  solu- 
tions of  alkalies,  and  was  precipitated  from  its  solution  by  cop|H*r 
sulphate  and  by  anunoniaeal  zinc  chloride. 

Brititih  Sepia.  Through  the  kindness  of  Messrs.  Seu^man  we  have 
been  enabled  to  examine  sevend  ink-sacs  of  cuttle-fish  from  S<»uth- 
ainpt(»n,  in  a  dried  condition  as  received  by  them.  The  ap|K-anin(e 
of  these  is  shown  in  the  accompanying  ligure  (Fig.  7).  The  general 
physical  characteristics  were  very  similar  to  those  recorded  by  Proul 
(supra),  but  our  s|)ecimens  had  the  distinct  fishy  odour  obser\'ed  by 
Kemp  in  the  case  of  the  fresh  liquid,  and  this  became  ver>'  marked  on 
boiling  the  |K)wdered  substance  with  water. 

The  [Kjwder  contained  i  7.5()  per  cent,  of  moisture,  and  on  ignition 
over  a  low  Argand  flame  yielded  12.22  per  cent,  of  ash,  containii 
following  constituents  :    Silica,  0.28  ;    calcium,  1.92;    mugii' 
1.75  ;  chlorine  (including  other  halogens),  1.07  ;  sulphuric  acid, 
total  nitrogen,  8.42  per  cent. 

When  treated  with  boiling  water  the  powder  dissolved  to  a  n>ii- 
siderable  extent,  but  repeat e<l  and  tedious  extract i<»n  was  necess:ir\ 
to  remove  the  whole  of  the  soluble  matter.  The  black  residue  left  on 
the  filter  amounted  to  71. i  per  cent,  of  the  original  sulwitance.  and 
contained  7.46  percent,  ofnitrogen,  calculated  on  the  original  |K>wder. 

The  brown  solution  when  eva|K>rated  left  a  brown  resin-like 
deposit,  which  on  ignition  gave  4.55  |>cr  cent,  of  ash,  calculated  on 
the  original  substance. 

On  treating  the  insoluble  residue  with  boiling  10  |)er  cent.  |>otas- 
sium  hydroxide,  19.23  percent,  (calculated  on  the  original  substance) 
remained  undissolved. 

EXAMINATION  OF  COBfMERCIAL  SEPIA.  Most,  if  not  all  .fth, 
Rnglisli  iiiaiMiractiiriTs  iircparc  srpia  rx<-liisively  from  thecuttl*  iish. 
but  there  is  reason  to  believe  that  a  large  proportion  of  the  so-called 
"  sepia  "  of  foreign  origin  is  sepia  in  name  only. 

A  chemical  means  of  distinguishing  l>etween  genuine  sepia  and  pre- 
parations consisting  of  lamp-black  or  other  fonns  of  carbon  ineor* 
|Mirated  with  glue,  consists  of  treating  the  fwwderetl  sample  with 
•  Vhfm.  Vrmtmtbl.,  1888,  xix.  587. 
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boiling  water  until  th(>ruu<{hly  disintegrated,  filtering  the  liquid,  and 
thoruu^hly  washing  tlu-  residue. 

In  the  case  of  sepia,  this  residue  will  contain  a  htrge  amount  of 
nitrogen  and  on  ignition  will  leave  a  considerable  proportion  of  ash, 
containing  the  constituents  mentioned  in  the  previous  section  (p.  i8). 

Lamp-black  preparations,  on  the  other  hand,  will  leave  a  residue 
of  practically  pure  carbon,  containing  only  traces  of  nitrogen,  and 


Fkj.  7.     Dried  sepia  sacs. 


leaving  but  little  ash  on  ignition.  The  whole  of  the  glue,  which  would 
cause  the  finished  prepanttion  to  show  a  large  proportion  of  nitrogen, 
will  have  hcvn  removed  by  the  treatment  with  hot  water  and  filtra- 
tion. 

The  main  points  to  be  considered  in  a  manufactured  sepia  are  the 
roliiiiring  power  and  i>ermanency  of  the  colour. 

I  was  one  of  the  pigments  tried  in  the  experiments  of  Dr. 

and  Sir  William  Abney  (chap,  vi),  and  to  quote  the  words  of 

llic  latter  :  ♦   "  We  are  apt  to  look  on  sepia  as  one  of  the  most  i>er- 

manent  pigments  ;   as  a  matter  of  fact  it  is  fugitive,  and  those  who 

*  Joum.  Soc.  ArtJ>,  i88q,  xxxrii.  113. 
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have  examined  sepia  drawings  made  in  the  cariy  part  of  the  century 
will  see  there  has  been  certainly  a  distinct  fading  in  those  drawings." 

2.  Indian  or  Chinese  Ink 

The  extreme  antiquity  of  the  ink  manufaftured  by  the  Chi- 
has  already  been  mentione<l  in  the  Ilistoriral  IntrtMhirtion.  A<<  . 
ing  to  ancient  Chinese  documents  cited  by  Jametel*  the  earliest  ink 
was  a  kind  of  vegetable  varnish,  and  it  was  not  till  about  the  third 
century  n.c.  that  the  solid  protiuct  preparejl  from  lamp-black  and 
glue  was  intrmluced.  The  province  of  Kiang-si  enjoye<l  a  monopoly 
of  the  manufacture,  and  the  ink  attainc<l  a  high  degree  of  perfection, 
its  quality  hcin^  maintained  by  s|M>cial  ink  insfK-ctors. 

This  ink  has  also  been  prepared  in  Japan  for  many  hundred  years. 
The  province  of  Omi  priMluced  a  fine  quality  known  as  takrsa.  but  the 
taikeibitkii  of  Yamashiro  was  considered  the  Ix'st.  At  the  present 
day  the  best  (pudity  of  Japanese  ink  is  said  to  be  manufactured  in 
Nara  or  Matsuda. 

LAMP-BLACK.  Composition  :  When  carbonaceous  prtKlucts,  such 
as  oil,  rusiii,  or  tar,  are  burned  with  an  insuflicient  supply  of  air. 
the  oxygen  combines  with  the  hydrogen  forming  water,  whilst  the 
carbon  is  to  a  large  extent  deposited  in  the  amorphous  fonn  known 
as  lamp-black.  The  amount  pf  pure  carl)on  in  this  soot  is  about  80 
per  cent.,  the  remainder  consisting  of  oily  and  resinous  substances 
with  inorganic  salts,  notably  ammonium  sulphate.  For  ordinary* 
commercial  uses  these  impurities  are  not  altogether  disadvantageous  ; 
but  if  a  purer  substance  is  required,  the  lamp-black  is  heated  to  red- 
ness in  a  closed  crucible  to  carbonise  the  organic  substanc«»s,  and  then 
digested  with  hydrochloric  acid  and  thoroughly  washed  with  water  t«) 
remove  inorganic  salts,  the  tinal  prcMluot  In-iiig  nearly  pure  carbon. 
The  purest  form  of  lamp-black  is  obtained  by  passing  a  slow  cum-nt 
of  turpentine  vapour  through  tubes  heated  to  retlnevs.  and  igniting 
the  deposit  in  chlorine  to  remove  the  last  traciw  of  hydrt)gen. 

Manufacture  of  Lamp-black  :  Chinese  Method.  The  oldest  methfxl 
of  which  we  have  any  record  is  that  which  has  been  use<!  by  the 
Chinese  for  centuries. f  Various  substances  have  l)een  used  as  the 
original  source  of  their  lamp-black,  such  as  ri(*e-stniw.  pine  w<nm1.  and 
haricot  beans,  but  these  have  been  for  the  most  |>nrt  discarde<l  in 
favour  of  vegetable  oils,  and  in  |mrtieular  that  obtained  from  the 
seeds  of  Aleurilea  cordala,  or  from  tung-oil.  whieh  yiehls  a  brilliant 
black  ink,  deepening  in  tone  with  age. 

*  L'Uncre  de  Ckint,  d**pr^»  den  Document*  Cliinoi".  trn<liiil«  |>Ar  M   .Iahx  (•  I. 
Ptftria.  tH»2. 
t  J»inetcl.  or,  rit  p.  n 


—<-^^ 


-4<W    1 


< 
m 

t 
< 

cq 

•-< 

a 
o 


CARBON  AND  CARBONACEOUS  INKS 


•J  I 


The  oil  is  biinirtl  in  small  tcrra-cottn  lamps,  which  art*  placed  in 
tenra-cotta  chambers  with  a  hole  to  admit  air,  and  having  a  depres- 
sion on  the  top  in  which  water  is  placed.     The  smoke  is  collected  in 
inverted     terra-cot  ta 
cones    with    polished 
interijirs,    which    are 
lixc<l  above  the  flame. 
From     time    to    time 
the  cones  are  replaced 
by    fresh    ones,    and 
the  deposited  soot  re- 
moved  l)y   means   «)f 
a  feather,  care   being 
taken  to  reject  all  oily 
particles. 

Figs.  8,  9,  lo  and 
1 1  are  reproductions 
of  four  of  the  illus- 
trations copied  by 
Jametel  from  ancient 
Chinese  manuscripts. 

In  some  factories 
the  terra-cotta  con- 
densing chamber  is 
replaced  by  a  hollow- 
wooden  tunnel, 
having  a  hole  bored 
in  the  wall  to  act  as 
the  ventilating  shaft. 
.\  range  of  bricks 
inside  supports  the 
cones,  of  which  about 
twenty  are  used  at  a 
time. 

The  best  season  for 
the     manufacture    of 

lamp-black  is  at  the  end  of  autumn  or  beginning  of  winter.  The 
tcrra-eotta  condensers  are  placed  in  a  room  carefully  protected 
from  draughts,  which  would  interfere  with  the  regular  deposition 
of  the  soot.  The  cones  are  examined  hour  by  hour,  since  delay 
in  changing  them  causes  the  lamp-black  to  assume  a  yellow  tint. 

Julien  ♦  states  on  the  authority  of  Chinese  documents  that  the 
finest  quality  of  ink  is  prepared  from  the  lamp-black  obtained  from 
•  Ann.  de  Chim.,  1833,  liii,  308. 


Fio.  8.     Chinese  manufacture  of  lamp-black. 
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sesami  oil,  or  from  tunjf  oil,  whilftt  the  soot  of  pine  \v  I'-nl  is 

used  for  the  commoner  kindH. 

Strips  of  pine  woo<l  al)out  1 8  inches  in  length  are  burnt  in  :  i  i   ,     i    .. . 
cabin,  loo  feet  in  length,  which  is  covered  inside  and  out  with  pai"  r 

and  divide*!  into  hv\  tral 
compartments  by  par- 
titions, in  each  of  which 
is  an  oi>ening  for  the 
passage  of  the  smoke. 
The  de|M>sit  in  the 
furthest  compartment  is 
tlic  lijjhtcst  an«l  miik*-^ 
tlic>K-Kt  ink,  whilst  th.it 
in  the  first  ami  m-cuikI 
compartments  is  verj- 
coarse,  and  is  sold  to 
l>rinters,  vamishers,  and 
house  painters. 

The  quality  of  the 
lamp-black  has  a  very 
great  influence  u|>on  the 
character  <)f  the  ink, 
and  the  Im|>erial  ink  was 
prepared  front  the  verk* 
lightest  and  purest  that 
could  l>e  obtained. 

Old  E  u  rope  an 

Methods.  I^mp-blaek 
is  manufactured  on  a 
large  scale  from  the 
resinous  impurities  ob- 
tained as  by-products 
in  the  manufacture  of 
tur|>entine,  and  is  also 
prefiared  from  oil,  tar, 
etc.  The  initial  sub- 
stanf*<>  is  burned  in  a  furnace  with  an  insufhcient  supply  of  air 
suitably  regtdated  by  a|>ertures  which  can  Ix*  o|>ened  or  eloHcd. 
The  dense  smoke  is  conducted  through  a  Hue  into  a  cylindrical  stone, 
brick,  or  cast-ir<m  ehaml>er,  the  sides  of  which  are  coN-errd  with 
sacking  or  sheep-skin.  An  iron  cone  is  Hus|)ended  within  the  chamber 
which  it  fits  so  exactly  that  when  lowere*!  its  eiIgesScra|>e  the  su»- 
.|]fnde<l  sacking  and  rtnnove  the  de|NMiite<l  lamp-black  (see  Fig.  12). 
'  A  small  hole  in  the  top  of  the  cone  allows  the  smoke  to  escape  into 


Fn.  9-    C3iliiM»  manufMtuTB  of  ink.    Mixing 
the  glue  and  Ump^hlack. 
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the  chimney  of  the  cyUiulir,  Icaviiiff  most  of  its  ciirbon  behind.     From 
time  to  time  the  suspende*!  saekinK  is  removed,  scraped,  and  replaced. 

A  more  economicad  method  is  to  conduct  the  products  of  combus- 
tion first  througli  an  iron  tube,  where  oily  substances  arc  deposited, 
and  then  througli  a 
scries  of  iron  con- 
densing cliaml>ers, 
where  the  carbon  is 
deposited,  the  purest 
pnxluct  beinij  (»b- 
tained  from  the  final 
condenser.  This 
methml  of  condensing 
is  employed  in  the 
manufacture  of  the 
finest  grades  of  lamp- 
blaclc,  the  source  of 
the  smoke  being  fatty 
oils  burned  in  lamps. 

.An  impure  form  of 
black  of  bad  colour  is 
prepared  from  certain 
kinds  of  coal,  and  is 
chiefly  used  for  pitch- 
ing ships. 

Other  varieties  of 
black  are  Spanish  black 
from  cork  ;  I'ine  black 
from  the  twigs  of  the 
vine  ;  peach  black  from 
peach  kernels ;  and 
German  black,  said  to 
be  obtained  from  a 
mixture  of  wine-lees, 
peach  kernels,  and 
bone  shavings.* 

More  modem  iiu - 
tho«ls  of  pn  |)ariiiu  black  for  printing  inks  are  described  in  chap.  x. 

MANUFACTURE  OF  INDIAN  INK.  The  fullest  source  of  infor- 
mation on  the  Chinese  meth<x1s  of  preparing  the  ink  from  the  lamp- 
black is  still  Chen-ki-Souen's  b<M>k  as  translated  into  French  by 
Jametel.  From  that  we  learn  that  the  lamp-black  is  first  sifted  into 
glazed  vases,  and  then  dried  in  paper  bags  suspendcfl  in  a  dr 
•  Lewis,  PhilosofhicoUchnicum,  1763,  p.  377. 


Fig.  10. 


Chinese  manufacture  of  ink. 
Pounding  the  ink. 
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chunilNT.  The  glue  is  pre|)are(l  cither  from  fish  or  from  ox>hide,  and 
is  UHcd  in  the  proi>ortion  of  four  to  five  cattieti  *  to  ea(*h  fKumd  of 
lamp-bluck.  If  too  little  glue  Ik>  UM>d,  the  ink  is  blacker,  hut  not  ko 
permanent.    The  solution  of  the  glue  is  poured  tll^ou^ll  a  sirve  on  to 

the  lanip-bluok.  and  the 
paste  thoroughly  mixed 
and  heated  for  fifteen 
minutes  in  a  tightly 
closed  vessel  over  boil- 
ing water.  It  is  next 
pounded  for  four  hours 
in  n  mortar  (see  Fig.  lo), 
until  the  mass  iM^comes 
thoroughly  pliablr. after 
which  it  is  mixed  with 
iiniKk  and  camphor  nnd 
beaten  into  long 
These  are  then  ni" 
into  cakes  weighing 
about  114  to  1 40 
grammes,  and  the  cakes 
dried  by  desiccation  in 
well-bunit  ash  from  rice 
stniw,  which  is  replai*(-d 
daily  by  fresh  ash.  The 
dcsi(*cation  takes  from 
one  to  three  or  four  days 
or  longer,  but  if  the 
process  be  continued 
tm)  long  the  ink  be- 
comes |Nile  ami  I<»sfs  its 
brilliancy. 

'The     VoUoui..^      ,.i, - 
|M>rtions  are  given  as  the 
best  for  an  ink  that  will 
become      biiwker     with 
age  :  f  Lamp-black  from  dryandra  oil.  10  catties  ;  old  o\-hi(I< 
4I  catties  ;  old  fish  glue.  |  catty  ;  extract  of  sou-mou  and  lu. 
Chinese  aromatic  plant,  i  catty. 

The  addition  of  a  small  quantity  f)f  dried  ox-tongue  is  said  tn  ^tvr 
a  violet  tint  to  the  ink.  whilst  finely  powdered  vegetable  mu' 
added  to  prt^Mluce  a  bluish  tint. 
The  glue  must  be  white  and  transparent.  It  was  formerly  obtained 
*  A  catty  a  800  gnunniM.  t  Jamotrl.  tor.  cii.  p.  :K 


Flu.  II.     Chineac  manufactiirv  of  ink. 
Rolling  tho  sticlui  of  ink. 
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from  various  substuiu-es,  such  iis  rhinoceros'  and  stags'  horn,  but  is 
now  exclusively  prepared  froni  ox-hide  or  from  fish.  A  decoction 
of  the  plant  Hibiscus  mulabilis  was  fornierly  used,  but  according  to 
Jametrl  has  long  been  discarded. 

At  tlie  present  day  the  only  essential  difference  in  the  ink  produced 
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European  lamp-black  chamber. 


by  different  Chinese  manufacturers  is  that  different  proportions  and 
methfKls  of  incori)orating  the  chief  ingredients  are  employed. 

The  methods  of  preparing  Chinese  ink,  which  are  given  in  a  history 
of  China  published  by  du  llnlde,  a  Jesuit  missionary',*  in  1735,  agree 
in  all  essential  details  with  the  above  account.  Lamp-black  from 
pine  wood  or  from  oil  was  mixed  with  glue  or  with  gum  tragacanth 
and  aromatic  essences,  and  the  paste  pounded,  and  stamped  into 
tablets,  which  were  finally  dried  for  three  to  ten  days  in  cold  ashes. 

In  .Tapan  the  lamp-black  is  obtained  chiefly  from  sesam^  oil  or 
•  DtMripiioH  dt  V Empire  de  la  Chine,  Paris,  1735,  ii,  p.  245- 
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from  pine  wood,  and  i»  mixed  with  ox-hide  glue  in  a  copper  vessel 
surrounded  by  another  vessel  containing  hot  water.  The  plastic 
mass  is  beaten  in  wooden  moulds  into  cakes,  which,  as  in  the  Chinese 
metho<I,  are  dried  by  contact  with  absorln^nt  ash. 

Eisler  *  describes  a  method  of  preparing  Indian  ink  from  aninutl 
and  vegetable  charcoal  mixed  with  milk  and  thick  gum  wat<  r.  uihI 
allowed  to  dry  into  cakes. 

A  modern  (European)  method  of  preparing  Indian  ink  consists  of 
triturating  the  lamp-black  with  a  dilute  solution  of  potas.*>ium 
hydroxide,  so  as  to  furm  a  cream.  This  is  {mured  in  a  thin  stream 
into  slightly  alkaline  water,  and  the  deposit  collected,  washed  with 
water,  dried,  and  incorporated  with  a  decoction  of  the  seaweed 
known  as  Irish  moss  or  carrageen,  to  which  a  little  musk  has  been 
added. 

In  another  process,  a  solution  of  gelatin  is  l>oiled  under  pressure  for 
two  hours,  and  then  for  one  hour  more,  over  an  o|M-n  fire  until  suitably 
concentrated,  and  then  mixed  with  lamp-black  that  has  l>een  heated 
to  redness  in  a  closed  ci\icible.  The  object  of  heating  the  gelatin  is  to 
convert  it  into  the  so-called  gelatin-peptone,  which  does  not  solidify* 
like  ordinary  gelatin.  Indian  ink  thus  prrparfd  dfw  not  t'Hatinise 
in  cold  weather. 

Merimie  t  also  prepared  Indian  ink  by  niixiiij;  a  strong  drcoction  of 
galls  with  a  solution  of  glue,  washing  the  precipitate  with  water,  and 
dissolving  it  in  a  fresh  solution  of  glue,  which  is  then  concent  ratetl  to 
the  required  consistency  and  mixed  with  lamp-black.  Dextrin  is 
sometimes  used  in  place  of  gelatin  or  glue  in  the  manufacture,  of 
chea|)er  qualities. 

J^hner  %  asserts  that  he  has  prepared  Indian  ink  of  equal  quality 
to  the  best  kinds  obtained  from  China  by  the  following  methtMl  : 
Petroleum  or  turpentine  oil  is  burned  in  lamps  to  which  the  supply  of 
air  is  limited.  The  smoke  is  conducted  through  a  zinc  tube,  loo  feet 
in  length,  the  inclination  of  which  is  slightJy  upwards.  The  soot 
dejM>sited  at  the  remote  end  of  the  tul>e  is  in  a  verj"  fine  state  of  sub- 
division, and  recpiires  but  little  puriflcaticm  to  free  it  fnmi  the  tarr>' 
matter  which,  if  not  removed,  would  cause  the  ink  to  have  a  brownish 
tint.  Fc)r  this  purpose  it  is  first  boile<l  with  nitric  acid,  then  washed 
with  water  by  deeantation,  then  iKiiIrd  with  strong  scnlium  hydroxide 
solution,  and  finally  washed  and  ilried. 

The  purified  priMluet,  consisting  of  nearly  pure  earlxju.  is  mixed 
into  a  paste  with  a  clear  solution  of  gtmi,  and  heated  and  stirred  until 
evapfirated  to  the  required  consistency.  It  is  now  allowed  to  cool 
gradually,  a  little  tincture  of  niu*ik  \»'\^^ <*'i|  before  it  quite  sets, 

•  Dintttau,  1770,  n.  31.  U*.  eiL  p.  197. 

I  Dit  Tinttm  jra6r»Ml»ofi,  1600,  p.  I9<>. 
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nnd  is  tintilly  kneaded  on  a  flat  plute,  and  pressed  into  metal  moulds, 
from  whieh  tlie  hmIs  are  ejected  by  tapping. 

An  inferior  kind  of  ink  has  been  prepared  by  Lehner  fnim  ordinary 
soot  purified  in  a  similar  manner.  This  mcthml  of  preparing  ink  from 
purified  soot  was  published  long  before  Lehntr's  book  appeared.* 

In  this  country'  little,  if  any,  Indian  ink  now  ap|>ears  to  be  manu- 
factured in  the  form  of  cakes.  During  the  war  iK'tween  China  and 
Japan  there  was  a  great  dearth  of  the  ink,  and  although  some  of  the 
largest  dealers  tried  every  possible  source  to  obtain  a  supply,  they 
were  unable  to  do  so.  From  this  it  would  seem  that  the  solid  product 
is  now  only  to  be  procured  from  the  far  East. 

This  conclusion  receives  further  confirmation  from  the  fact  that  a 
large  firm  dealing  in  artists'  materials  now  supplies  much  more  of  a 
Ii({uid  preparation  of  lamp-black  than  of  the  cakes  of  Imlian  ink. 

Qualitirs  of  Indian  Ink.  The  ink  is  imported  into  England  from 
China  in  the  original  boxes,  each  holding  i  lb.  According  to  the  size 
of  the  sticks,  8,  20,  or  40  may  go  to  the  pound,  and  are  spoken  of  in  the 
trade  as  "eights,"  "forties,"  etc.  The  sticks  are  of  various  forms, 
some  being  in  squares,  some  in  tablets,  and  some  octagonal.  The 
best  qualities  of  sticks  are  generally  distinguished  by  being  gilt,  and 
are  stam{)ed  with  verj-  fine  impressions,  such  as  dragons,  lions' 
heads,  etc.,  which  denote  different  qualities  well  recognised  in  the 
trade.     They  are  obtained  from  Yutshing  and  Yenshing. 

The  octagonal  sticks  are  also  of  ver\'  fine  quality.  The  sticks 
known  as  "  Mandarin  "  are  of  fine  quality,  and  are  distinguished 
from  ordinary  sticks,  which  have  also  a  lion  on  the  top,  by  having  a 
finer  impression  of  the  Chinese  characters  on  their  sides.  The  com- 
monest kind  are  in  the  form  of  small  sticks  with  white  letters  on  the 
side. 

EXAMINATION  OF  INDIAN  INK.  Among  the  Chinese  the  quality 
of  ink  is  tested  by  rubbing  the  tablet  on  the  palette.  If  only  a  faint 
sound  is  heard  the  ink  is  considered  to  be  of  good  quality  (Si-mo),  but 
if  a  loud  noise  is  produced  it  is  regarded  as  inferior  (Tsou-nw). 

When  rubbed  with  water,  Indian  ink  should  yield  a  uniform  liquid, 
free  frrjm  coarse  particles  or  flakes.  The  best  Chinese  inks  have  a 
brilliant  violet  shade,  whilst  inks  of  the  second  quality  are  brilliant 
black,  and  inferior  inks  have  a  yellow  tint.  A  good  ink  should  not 
lose  its  intensity  or  brilliancy  on  keeping,  and  should  colour  paper  a 
brilliant  black.  Inferior  inks  lack  either  blackness  or  brilliancy,  or 
both. 

A  practical  test  of  the  quality  of  an  ink  made  from  pine  soot  was 
recommended  by  Jiilien.*     This  consisted  in  leaving  a  fragment  in 

•  Dingler'a  polyl.  Joum.  1832,  xliv,  237. 
t  ^»ii.  di  Chim.,  1833,  liii,  314. 
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water,  and  noting  the  time  before  it  rose  to  the  surface.    Th< 
the  quality  the  longer  the  ink  wh.s  siiid  to  remain  submerged. 

Practical  Teals.  We  Kubinitted  several  of  the  ^iirTcrcnt  grades  of 
Chinese  ink  to  practical  testH,  flnit  of  all  reducing  each  to  powder,  and 
imnuTNinK  o.i  grni.  in  lo  c.c.  of  water.  It  mkiu  became  apparent 
that  the  better-cluss  inks  were  far  more  readily  soluble  in  cold  water 
than  were  the  cheaper  kinds,  some  of  the  latter  hardly  colouring  the 
fluid  after  some  hours'  soaking.  The  various  samples  were  then  put 
in  a  water-bath  and  raised  to  the  boiling-point,  but  the  cheaper  grades 
were  still  more  refractory  than  the  other  and  required  to  be  rubbed 
<lown  in  a  mortar  before  the  particles  of  carlnm  were  diffuseil  in  the 
li<jui(l.  After  allowing  the  containing  Inittlcs  to  rest  for  an  hour,  it 
was  found  that  the  sediment  of  the  best  samples  of  ink  was  of  a  much 
finer  character  than  that  of  the  others. 

Our  next  exiH-rimcnt  was  to  test  the  tinctorial  value  of  the  different 
samples  by  applying  the  solutions  to  Whatman  paiK-r,  first  of  all  with 
a  full  brush  covering  a  long  strip  of  paper  while  it  was  pinned  on  a 
sloping  drawing-board.  Each  strip  of  pa|H*r  was  treated  with  a 
different  sample  of  ink,  and  when  the  first  coat  was  dry,  a  seeon*! 
was  applied,  not  covering  the  whole  of  the  strip,  but  leaving  a  small 
portion  at  the  end  with  the  first  coating  untouched.  A  third,  fourth, 
and  fifth  coat  followed,  each  falling  short  of  the  preceding  one,  until  at 
the  end  of  the  strip  a  strong  black  representcfl  the  sum  of  all.  A 
glance  at  the  results  at  once  showed  the  advantage  <)f  employing  the 
better  class  of  ink,  for  the  cheaper  kinds  were  by  compariscm  lacking 
in  covering  power,  and  there  were  present  particles  of  carlnm  which 
gave  rise  to  streaks  under  the  brush.  The  iM'st  inks  worke<l  far  more 
smoothly  than  the  inferior  kinds,  and  opacity  was  reached  with  fewer 
washes.  And  from  what  has  been  already  stated  it  will  \yc  evident 
that  in  the  better  class  of  material  thelalKHir  of  rubbing  down  the 
pigment  from  the  solid  stick  is  reduced  to  a  mininumi.  From  our 
examination  of  the  sediment  formed  in  the  inks  under  examination,  it 
would  seem  that  in  the  better  grades  lamp-black  of  much  finer 
quality  is  employed  than  is  usctl  in  the  nuinufacture  of  the  cheaper 
kinds. 

These  sticks  of  Chinese  ink  are  exceedingly  brittle,  and  thtis**  rcn- 
den'd  unsideable  by  breakage  are  commonly  gn>und  up  in  water  to 
form  the  li<|nid  ink  so  much  employetl  by  dniughtsnien  and  artists 
in  ■•  hiaek  and  whilr." 

CHEMICAL  COMPOSITION  OF  COBfMERCIAL  INDIAN  INKS. 
The  s|M'eimens  of  the  four  grades  uf  ink  submitted  to  the  prartieal 
tests  dtHcrilM'fl  idM)ve  gave  Ww  folt.twing  n*sults  on  anidysis  : 
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Indian  Ink. 

Water. 

Carbon 
residoe. 

in 
reaidne. 

Kitrogen 

in 

Original 

Inic 

1 
Aah. 

FCr  cent. 

Per  cent. 

Per  cent. 

Percent. 

Per  cent. 

I.  Octagonal  stick     . 
II.  Lion    stick,    tine 

8.16 

53-9 

ao 

7-74 

4.08 

letters 
III.  Lion  stick,  coarse 

7.20 

52.53 

— 

4.87 

369 

letters 
IV.  Small  i«ti.k.eoar8e 

9-93 

49.64 

— 

7.26 

4.96 

lett 

9.40 

57-04 

— ~ 

6.84 

4.01 

The  fact  that  the  residue  left,  on  extracting  the  soluble  substances 
with  hot  water,  is  free  from  nitrogen,  affords  simple  means  of  dis- 
tinguishing between  Indian  ink  and  pure  sepia  (see  p.  18), 

^  Cauhon  Writing  Inks 

ANCIENT  CARBON  INKS.  The  characters  on  Eg>ptian  papyri 
anil  in  Latin  and  Creek  MS.S.  are  frequently  much  darker  and  more 
distinct  than  those  written  centuries  after  with  modern  iron-gall  ink. 
The  latter  can  be  readily  destroyed  by  various  chemical  agents,  such 
as  acids  and  bleaching  agents,  and  their  permanency  is  also  largely 
<lei)endent  on  the  relative  proportion  of  iron  and  tannin  in  the  ink, 
and  on  the  manner  in  which  they  have  been  kept. 

Astir,  who  was  Keeper  of  Records  in  the  Tower  of  Ix>ndon,  and 
thus  had  exceptional  opportunities  of  studying  MSS.  of  all  ages,  found 
that  the  black  ink  use<l  by  the  Anglo-Saxons  in  documents  of  the 
seventh,  eighth,  ninth,  and  tenth  centuries  had  preserved  its  original 
intensity  much  Ijctter  than  that  ased  at  later  periods,  especially  in 
the  sixteenth  and  seventeenth  centuries,  which  was  frequently  very 
faint.  It  was  rare  to  find  faded  writing  in  documents  before  the 
tenth  centur>'.  Atitle  *  came  to  the  conclusion  that  this  was  due  to 
the  earlier  inks  containing  carbon  ;  but  Bla^deu,  on  testing  the 
writing  with  potassium  ferrocyanide,  found  that  iron  was  present  in 
everj'  instance. t 

It  is  impossible  to  determine  the  exact  period  when  carbon  inks 
were  replaced  by  iron-gall  inks,  though  it  was  probably  early  in  the 
present  era  (r/.  Ilistoricnl  Introduction). 

The  ink  of  the  Greeks  and  Latins,  like  the  modem  Oriental  inks, 

•  Origin  of  Writing,  1803.  p.  209. 

t  Trans.  Roy.  Soc.,  1787,  Ixxrii  [ii],  451. 
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was  a  mixture  of  finely  divided  carbon  with  a  solution  of  gum  or 
glue,  sulHcieiitly  dilute  to  flow  from  a  reed.  In  reality  they  were  only 
modification.s  of  the  Chinese  inks  described  above,  and  in  some  cases 
were  even  dried  iK-fore  use.  Thus  I'itruviiis  ♦  states  that  atramtntum 
was  prepared  from  the  stnit  of  pitch  pine  collected  on  the  walls  of  a 
marble  chamber,  mixed  with  gum  (glutinum)  and  dried  ;  and  Dios- 
corides  f  gives  the  proportions  of  soot  to  gum  as  three  to  one. 

Evidently  the  brilliancy  of  the  black  deposit  and  the  more  fluid 
character  of  iron-gall  inks  led  to  their  gradually  superseding  carbon 
inks  for  writing  purposes,  of  which  no  mention  is  made  in  nM'dia*val 
literature. 

It  is  true  that  Weckrr  in  1582  gave  a  formula  for  an  atramenlum 
prrpeluuni,  but  this  was  really  a  printing  ink  consisting  of  linseed 
oil  and  lamp-black,  and  there  is  no  reference  to  an  aqueous  carbon* 
accoiis  ink  in  his  hook  or  in  tliat  t>(  ('tinneparius{ify()0). 

MODERN  CARBONACEOUS  INKS.  Lruis  *  in  1 764  made  various 
suggestions  for  rendering  ink  more  i>ermanent.  some  of  which  are 
described  more  fully  in  chap.  xiv.  His  princifml  plan  was  to  add 
finely  divided  lamp-black  or  ivor>'  black  to  a  gcKxl  iron-gall  ink  ;  but 
such  ink  could  be  bleached  by  chemical  means  to  destroy  the  gall  ink 
and  then  washed  with  water  to  remove  the  carbon. 

Other  chemists  have  made  use  of  an  essential  oil,  or  of  a  varnish 
or  sa{M)nified  resinous  substance,  or  a  solution  of  gluten,  to  retain 
the  carbon  in  suspension.  Of  various  old  formula?  on  these  lines 
menti<m  may  be  made  of  the  following  : 

iyeslrumh\H  Ink.^  Galls,  3  |)arts  ;  Brazil  woo<l,  i  part  ;  water. 
46  parts.  Hoil  until  reduced  to  32  parts.  Strain  and  add  fernms 
sulphate,  i^  part;  gum  arable,  i^  part;  indigo,  ij  i^art  :  an<i 
lamp-black,  ]  part. 

Clone  a  Ink.\\  Powdered  copal  (25  parts),  in  lavender  oil  (200 
parts),  mixed  with  lamp-black  (2 J  parts),  and  iMfbirt>  {\  p;irt '  !*" 
too  thick  the  ink  was  thinned  with  tur}M'ntine. 

Sheldrake^H  Ink.%  A  mixture  of  asphalt  diss»)lvr«l  in  turixntine 
with  amlK>r  vaniish  and  lamp-black.  The  whole  (ple^tion  of  the  liest 
means  of  n-ndering  writing  safe  from  attempt-  '  m  it  is  dis- 
cussed in  chap.  xiv. 

*  Lit),  vii.  |io.  t  Opera,  lib.  v.  cap.  183.  |  loe.  cit. 

§  Nicbolaon'a  Joum.  0/  Sat.  Pkilotofk..  1803.  ir.  479. 
I  Nfeholmn's  Diet,  oj  Chrm..  1820.  %  IbU, 


CHAPTER  II 

TANNIN  MATERIALS  FOR  INKS 

COXTS5T8.— GaDs  :  Orifin  :  Aleppo  galla  :  Chemical  composition  : 
Chineae  galls  :  Chemical  composition  :  Japanese  galls  :  Acom  galU  : 
Oak-appw  galla  :  Other  galls  :  Tannins  :  Classitication  uf  tannin-s  : 
Suitabwty  of  tannins  for  ink-making  :  Chestnat  baik  and  wood  : 
Chestnut  extract  :  Chestnut  tannin  :  Ink  from  chestnut  wood  : 
^"»tftrfl  :  Sumach  tannin  :  Ink  from  sumach  :  Divi-divi  :  Di^n-di^n 
tannin  :  Ink  from  diri-divi  :  KyrobabuiS  :  The  tannin  (jf  iiiyrol>alan8  : 
Valoom  :  The  tannin  of  \-a!onia  :  Ink  from  valonia  :  Oak-bark  t*niim«  : 
Keactionii  of  oak  tannins  :  Amount  of  tannins  in  oak  bark  :  Ink 
from  oak  bark  :  Gallotannic  acid  :  Fermentation  of  gallotannic  acid  : 
Properties  :  Gallic  acid  :  Properties  :  Reactions  distinguishing  between 
gallotannic  and  gallic  acids. 

Galls 

ORIGIN.  Curious  vegetable  excrescences,  known  as  galls,  are 
freijuently  fonncd  u{>on  the  branches,  shoots,  and  leaves  of  trees,  and 
especially  upon  the  oak.  They  are  prfnluced  by  the  female  of  certain 
s|>ecies  of  insects,  of  which  the  best  known  are  the  hymenopterous 
gall-wasps  (Cyuipida),  which  puncture  the  young  tissues  and  deposit 
their  eggs.  I'nder  this  stimulus  the  plant  juices  accumulate  at  the 
point  of  puncture,  and  a  gall  is  gradually  formed,  which  serves  as  the 
home  of  the  lars-a.  It  is  possible  that  some  virus  injected  simultane- 
ously with  the  egg  plays  a  part  in  the  development  of  fhe  gall,  but  the 
main  essential  ap|>ears  to  be  the  presence  of  the  living  larva.  Should 
the  egg  of  the  insect  i>erish  from  any  cause  no  gall  is  formed,  or  if  the 
larva  dies  the  gall  ceases  to  grow. 

Galls  vary  greatly  both  in  size  and  ^hape,  some,  e.g.,  the  Cali- 
fomian  *'  Hea  seed,"  l>eing  verj-  minute,  whilst  others,  like  the  large 
galls  on  the  roots  of  certain  oaks,  are  several  inches  in  diameter. 
Some  galls  are  round  and  smooth  like  the  English  oak-apples  ;  others, 
like  the  Aleppo  galls,  are  crowned  with  protuberances  ;  whilst  others 
again  assume  fantastic  forms,  as  in  the  case  of  the  "artichoke 
gall  "  found  on  certain  French  oaks,  the  curious  English  galls 
shown  in  Figs.  13,  14,  and  15,  and  the  Chinese  and  Japanese  galls 
(Figs.  iQ  and  20).  The  forms  and  colours  of  the  different  kinds  of 
galls  are  remarkably  constant,  and  afford  a  means  of  distinguishing 
between  the  insects,  often  of  ver>-  similar  ap[>earance,  that^ 
duce  them. 
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In    till     ni:i]iiiit\    "I    i:i~is    ;j;ilN    ciiiitam    I'liK  i  re 

<lcscr^bc<l  a.s  ••  nionothalainuiis,"    wliilst  <»thfrs  jiHuril  hhtltcr  aiui  food 
to  a  col«»ny  of  larva-,  jiikI  thittrm"  polythala- 
inous  "  is  a|>{)li<-(i  f<»  tin  in. 

ALEPPO  QALLS.  The  ..r.|in;ir\  niit-aalls 
of  comnicrci-  arc  r<»iniu<nily  known  as  Altpim, 
Turkrif,  (ir  Lnanl  galls.  They  arc  priMliiccd 
l)\   lli<    I'cMi.ili    of  a  gall  wasp,    ('ijinjis   unlUv 


Fio.  13.     English  doul.l. 
oak-apple  jrnll. 


Knirlish  gall. 


Inn  Ini  iir.  ii|Hin  t  Ik  I  h  urirlics  i  )f  a  sniali  •  lak ,  Qttrrnix  ihj, , ,.,,  ,,i,  wlmlt 
i^  at  Mind:!  lit  on  tin  S\  Man  11  .:ist .  am  I  1  m  t  Im-  (  a-t  i<\  t  lie  Hiver  .Ionian. 
Tlic  uisccl  picrrrs  its  way  ont  i<\  t  he  L'all  att(  1  \\\<  nr  nix  tnonths,  and 
the  iiiiiiiliahited  ^alls  arc  lli<n  knoun  a.  ,,////-  i,'<///v,  from  tlit-ir 
pai(  ciilniir.  TIk  >f  ((intani  t  .  insiihralily  Uss  tannin  than  |Ljalls 
winch  still  cncl.iNi  111,  lai\a,  and  hav«'  tlicrrfort'  a  smaller  coni- 
nurrial    valn>  |  h,    1m  s|   yalls   arr  srlrotfd  alu-ad  and   harvi-strd 

l)«'forc  the  inM  (  t  <  si  api  s,  and  from  tlnir  coioiir  arc  known  as  hlur 
or  grrcu  yalis 

The  \aliii-  ut  .1  Ml\  in  ^.tillplr  itf  l,'al!s  dt  ju  ini-  t . .  a  lariat-  rxt  cut   UpnU 

thr   prn|iMrti.in   ..t    uliit.     m.,||s   it    iMntain-       II  rnuidnlcnt   at- 

tempts an  MiUK  liiiio  Miadi  artilit  iall>  (••  il.-^.  n.<  iioles  left  hy  the 
insect,  an«l  so  nuike  the  ^nills  to  appear  still  to  eontain  the  lar>T».»  A 
Ncctionof  the  not  wnnid  readily  detect  this  fniufi  (see  Fi  \'   ; 

gailn  vary  somewhat  \\\  >i/,e,  hut  usually  avennre  fr<'i 
In  diam<t>  i      Th.  v   are  glohular  «>r  |M'ar-sh  ui..,i 


•    \\\-n   '■ 


I'll  Orjfam.  .!>••••. 
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with  numerous  tulKToIes  (Fi^.  1 5).  The  foloiir  runjfos  from  greenish 
bhu'k  to  pale  yellowish  irreen.  whilst  the  interior  is  pale  brown  or 
yellowish  preen. 

The  uppcarunct.  ><:  ,^.,tii  ^alis  is  shown  in  I'l^.  17,  and  ni  scetiun 
in  Fi);.  18,  the  latter  showinfr  the  small  canal  through  whieh  the 
insect  made  its  way  to  the  surface. 

When  a  thin  section  of  an  inhabited  gall  is  examined  under  the 
niiert)scope  it  is  seen  to  consist  of  an  external  layer  of  small  cells, 
forming  a  sort  of  bark  :  iK'neath  these  are  cellular  layers  of  paren- 
chyma, some  of  the  cells  containing  tannin  and  chlorophyll  ;   then 


i,pt 


Fw.  16.     CfTccn  Fiq.  17.     White  Fio.  iS.     Section 

Aleppo  gall.  Aleppo  gall.  of  white  gall. 

come  radial  cells  surrounding  the  central  cavity,  in  which  lies  the 
larva  in  the  midst  of  an  alimentary  mass. 

Smyrna  galls  ap|>ear  to  be  a  commercial  variety  of  Aleppo  galls, 
being  somewhat  larger  and  darker  in  colour,  and  often  containing  a 
larger  pn>|>ortion  of  white  galls. 

Trijwii  or  "  larablous "  galls  are  of  less  value  than  Aleppo 
galls. 

Chemical  Composition.  By  treating  500  grains  of  the  best  Aleppo 
galls  with  distille.d  water,  Davy  *  obtained  an  infusion  of  specific 
gravity  1.068.  containing  1S5  grains  of  solid  matter,  consi.sting  of 
70.^7  per  cent,  of  tannin  ;  16.75  percent,  of  impure  gallic  acid  ;  f>-\^ 
per  cent,  of  gum  and  other  extractives  ;  and  6.50  percent,  of  salts 
of  calcium  and  other  metals.  From  the  results  of  tannin  deter- 
minations made  by  later  chemists  there  appears  to  be  little  doubt  that 
DaN-y  had  not  extracted  the  whole  of  the  soluble  constituents  of  the 
galls,  for  on  this  basis  the  insoluble  wootly  fibre  amounts  to  63  per 
cent,  of  the  total  substance. 

In  1845  Guibourt  f  made  a  verj-  exhaustive  examination  of  .Aleppo 
galls  ;    and  his  results,  still  quoted  as  final  in  text-books,  are  as 

•  Trans.  Roy.  Soc.,  1S03.  xciii.  233. 

t  Arckiv.  dtr  Pharm.,  1846.  U.  190 ;  Hist.  Nat.  des  Drogues^  1849,  ii.  p.  286. 
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follows  :    Tannin,  63.00  ;   gallic  acid.  Ilugic  and  lutcogallic 

acids,  2.00  ;  chlorophyll,  0.70  ;  brown  ah Khoiic  extract,  2.50  ;  gum, 
2.50  ;  starch,  2.00  ;  woody  fibre,  10.50  ;  .sii^ur,  pruteid,  pota.*»ium 
and  calcium  salts,  1.30  ;  and  water,  1 1.50  jht  cent. 

A  later,  though  less  complete,  analysis  is  that  of  Watson  .Stmili. 
who  found  .Aleppo  galls  to  have  the  following  com(>osition  :  Tannin. 
61,63;  gallic  acid,  lAo  ;  woody  fibre,  13.68;  water.  12.12:  and 
colouring  matter  and  loss,  8.73  per  cent. 

liuchner  *  obtained  the  following  amounts  of  t  xti;i<  1 1 
treating  the  powdered  galls  with  different  solvents  : 


Substances  extracted  by  ether 

„  „         by  other  and  alcohul 

„  „         by  cold  water 


iVr  c*;Mt. 


A  specimen  of  commercial  nut-galls  examined  by  us  contained 
44  per  cent,  of  tannin,  determined  as  gallotannic  acid  by  the  method 
describe<l  in  chap.  iii. 

Iliurichsen  t  gives  the  following  figures  as  the  average  amounts  of 
tannin  in  Kuropean  galls  :  Morcan,  about  30  ;  Istrian.  over  40  ; 
German  or  Central  Kuroi)ean,  about  13  ;  and  Knoppcm,  up  to  33 
per  cent. 

CHINESE  GALLS.  Tlu-  curious  variety  of  galls  ex|K>rte<I  from 
C'liina  an-  not  furmcd  by  a  gall-wasp  like  most  of  the  commercial 
galls,  but  are  prwiuced  by  a  small  aphis  {Aphis  Chinensis)  upon  the 
leaf,  stalks,  and  shoots  of  Rhun  semialala,  a  tree  growing  abundantly 
in  sandy  places  in  Northern  India.  China,  and  Japan. 

The  apiiis  is  about  ^^  of  an  inch  in  length  by  about  ^^  in  breadth  at 
the  base  of  the  ab<lomen,  which  gradually  widens  out  from  the  thorax 
(see  Fig.  21). 

The  gall  is  at  first  dark  green,  and  gradually  changes  to  yellow 
before  the  larva  esca|>cs  through  the  walls  bursting  oi>cn.  the  Chinese 
peasants  collecting  them  shortly  before  the  change  takes  place.  The 
aphides  arc  killed  by  exposing  the  galls  in  osier  baskets  to  the  action 
of  steam. 

The  gall  is  naturally  covered  with  a  light  jniwder  termed  "salt 
powder  "  by  the  Chinese,  and  used  by  then>  for  flavouring  soup  and 
as  a  medicine.!  As  imi)orte<l  into  Europe  the  galls  are  |>ale  grry 
in  colour,  and  have  a  hornlike  appearnncr,  and  a  curious  odour  re- 
sembling that  of  freshly  tanne<l  leather  {llrfncnrth  and  MitcheU). 
They  var>'  greatly  l)oth  in  s'v/.c  and  in  fonn,  but  a  characteristic  shape 

•   Rep.f.  Phnrm..  1S51  [\].  vii.  313. 

i  1>U  Vmtrrnufhttng  t<r>n  Ei»fngaUHMintem  (1909).   1        1 

1  Pereira,  Pharm.  Jow"     t^^n.  iii.  384. 
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is  shown  in  Fig.  ig.  They  have  a  horn-like  texture,  and  when  broken 
open  present  a  hollow  interior  containing  a  little  chalk-like  dust  with 
darker  particles,  which  when  examined  under  the  microsco|)e  arc  seen 
to  be  dried  aphides. 

Acct)rding  to  von  Rehling  *  an  average-sized  gall  contains  more 
than  3000  aphides,  and  by  treating  the  debris  with  warm  water  these 
swell  up  to  about  .,'^  of  an  inch  in  size. 

Dh  llttlde  t  gives  a  description  of  these  galls,  which,  he  states,  are 
termed  oit-poey-tse  by  the  Chinese  an<l  are  used  by  them  in  the  pre- 
paration of  various  medicinal  compounds. 
He  also  states  that  their  formation  is  due 
to  a  small  insect. 

Chinese  galls  were  first  imported  into 
Europe  in  the  eighteenth  century  under 
the  name  of  *' Oreilles  des  Indcs,"  but  they 
did  not  become  a  regular  article  of  com- 
merce until  about  1850.  They  are  now 
largely  used  in  Germany  and  America  as 
the  raw  material  for  the  manufacture  of 
tannic  acid,  and  they  form  one  of  the 
principal  and  cheapest  tannin  materials 
for  the  manufacture  of  ink.  In  fact,  ac- 
cording to  Dielerich,X  gall  inks  are  now 
|ireparcd  fn)m  them  almost  exclusively  in 
(Jermany. 

liiichner  f  compared  their  commercial 
value  with  that  of  ordinary  gall-nuts.  In 
1851  good  average  blue  /VIeppo  galls  cost 
ioo».  to  io5«.  per  cwt.,  whilst  Chinese 
gdls  fetched  65.V.  to  68s.  per  cwt.  Thus,  taking  into  account  the 
amount  of  readily  soluble  tannin  in  the  latter,  their  value  was 
from  I  i  to  I  i  times  more  than  that  of  Aleppo  galls. 

Chemical  Composition.  Specimens  of  Chinese  galls  were  examined 
in  181 7  by  Brande.W  who  found  them  to  yield  75  per  cent,  of  soluble 
matter  to  cold  water,  the  residue  consisting  of  woo<ly  fibre  with  4 
per  cent,  of  resinous  matter  soluble  in  alcohol.  The  residue  from  the 
aqueous  extract  was  found  to  consist  mainly  of  tannic  aci<l  with  a 
little  gallic  acid. 

F'nmi  the  absence  of  extractives  (gums,  &c.),  Brande  concluded 

•  Arehiv.  f.  Chem.,  1855,  czxxi,  280. 

t  Description  de  V Empire  de  la  Chine,  1735,  p.  496. 

X  Pharm.  Manual,  1897.  p.  680. 

§  Rep.  f.  Pharm.,  1851  [3],  vii,  329. 

II  Trans.  Roy.  8oe.,  1817,  cvii,  39. 
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that  these  gulls  would  not  be  suitable  for  tanning  purpoften,  and,  in 
fact,  he  found  that  leather  prepared  with  them  was  very  brittle  when 
dried.  On  the  other  hand,  he  found  this  projK'rty  rendered  them  |>ar- 
ticularly  suitable  for  the  manufueture  of  ink,  an<I  the  ink  prepared 
from  them  proved  to  be  less  liable  to  become  mouldy  than  that  from 
ordinary  galls. 

In  1849,  Stein  *  described  a  variety  of  Chinese  galls  as  poMeasing 
an  odour  of  tobacco,  and  containing  the  following  constituents  :  Ash, 
2.00;  tannic  acid,  69.14  ;  other  tannins,  4.0  ;  green  saponiflable  fat, 
0.97  ;  starch,  8.20  ;  woody  fibre,  4.9  ;  and  *'  inert  "  matter,  12.96 
per  cent. 

The  tannin  was  completely  extracted  by  trailing  the  powdered  galls 
three  Limes  with  eight  times  their  weight  of  water.  It  was  regarded 
by  Stein  as  identical  with  the  tannin  of  ordinary-  galls. 

The  ash  contained  potassium,  calcium,  magnesium,  iron,  chlorine, 
and  phosphoric  acid. 

Buy's  t  results  are  similar  to  those  of  Stein,  viz.,  gallotannie  acid, 
69.0  ;  resin  and  fat,  3.0  ;  gallic  acid,  extractives  and  proteids,  4.0  ; 
starch,  7.35  ;  woody  fibre,  8.65  ;  and  water,  8.0  per  cent.   - 

Buchner's  X  analysis  in  1851  gave  the  following  results:  Tannic 
acid,  76.97  ;  fat  and  resin,  2.38  ;  extractives  soluble  in  water  and 
some  salts,  0.89  ;  gums  and  salts,  5.94  ;  and  starch,  woody  fibre  and 
mineral  matter,  13,82  per  cent.,  calculated  upon  the  substance  dried 
at  100"  C. 

When  extracted  with  ether  these  galls  yielded  79.35  per  cent,  of 
soluble  matter,  of  which  76.97  per  cent,  (on  the  original  substance) 
dissolved  in  water.  Biichner  was  unable  to  confirm  Stein  s  conclusitm 
as  to  the  presence  of  other  tannins  in  addition  to  giillotannic  acid. 
He  also  came  to  the  conclusion  that  the  tannic  acid  was  identical 
with  that  of  oak-bark,  and  that  gallic  acid  was  only  present  in  the 
galls  in  very  small  proportion.  The  mineral  matter  was  found  to 
consist  principally  of  nmgnesium  phosphate. 

Tannic  Acid.     The  proiM)rtion  of  tannic  acid  found  by  Stein.  Bley, 
and  Biichner  is  substantially  the  same  when  calculated  u|>on  the 
dried  substance,  viz.,  Sttin,  79.43  per  cent. ;  BUy,  75  per  cent 
Biichner,  ■;(>m'j. 

Viedt  ^  gives  the  proportion  of  tannic  acid  in  Chinese  galls  as  about 
72  per  cent.,  whilst  Ishikoma  ||  found  77.4  i>er  cent. 

Samples  recently  analysetl  by  the  authors  f  have  given  the  follow- 
ing results  :   Moisture,  10.70  ;  ash,  1.43  ;  and  substances  soluble  in 

•  Dinglrr'n  folyi.  Journ.,  1S49,  cxiv.  433. 

t  Arthtv.  d.  Pharm..  1850,  cxi.  397.  J  tef.  til.  p.  333. 

§  Dingier'*  jnlyt.  Journ.,  1875.  ccxri  453. 

li  Ckem.  Sew,  1880.  xlii.  374.  ^  UnpubUriMd. 
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water,  78  per  rent.     The  tannin  determined  by  Procier's  method  wa« 
bvS  |KT  cent . 

yietlt  {loc.  cit.)  assiTts  that  Chinese  galls  do  not  contain  the  neces- 
sary' ferment  for  the  conversion  of  the  gallotannic  acid  into  gallic 
acid,  and  that  therefore  they  cannot  be  used  for  the  manufacture  of 
ink  unless  a  small  proportion  of  Aleppo  galls  or  of  yeast  be  added  to 
the  infusion. 

We  are  unable  to  confirm  Viedfs  statement,  which  is  also  altogether 
at  variance  with  the  results  obtained  by  van  Tiegliem*  who  has 
clearly  demonstrated  that  the  conversion  of  tannic  acid  into  gallic 
acid  is  brou^iit  alxiut  not  by  a  pre-existing  enzyme,  but  by  the  action 
of  (H^-rtain  mould  fungi. 

W'v  have  prepared  ink  by  adding  ferrous  sulphate  to  a  decoction  of 
C  hinese  galls  without  any  addition  of  either  yeast  or  other  galls,  and 
found  that  it  behaved  just  like  ordinarj-  gall  ink,  giving  a  writing 
which  rapidly  l)ecame  black  on  exj>osure  to  the  air. 

Moreover,  insoluble  deposits  formed  on  exposing  the  ink  to  the 
air,  and  these  deposits  contained  6.86  to  7.56  per  cent,  of  iron,  results 
very  near  to  those  obtained  with  ink  from  gallotatinic  acid  or  ftrdinaiy 
Aleppo  gsills. 

JAPANESE  OALLS.  These  galls  are  closely  allied  to  the  C  liim-se 
gulls,  iiud  an-  friciutntly  stated  to  be  identical  with  them.  They  are 
prmlueed  by  Aphis  CItittrnsis,  or  an  allied  aphis,  upon  the  shoots  of 
Rhus  japonica  (Sielx>ld)  or  Rhus  javauica  (Murray).  (See  Fig.  22. 
They  must,  however,  be  regarded  as  at  least  a  distinct  variety,  and  in 
fact  they  are  so  recognized  in  commerce,  though  for  ink  manufacture 
the  two  varieties  are  used  indiscriminately.  According  to  Procter  f 
the  Japanese  galls  are  smaller  and  paler,  and  are  usually  more 
esteemed. 

Ishikama  %  states  that  considerable  quantities  of  Chinese  galls 
were  formerly  imfwrted  into  Japan,  but  that  in  1880  only  the  native 
product  was  used.  The  Japanese  galls  (Kibushi)  are  plucked  from 
the  trees  between  July  and  September,  and  are  placed  in  boiling 
water  in  woo<len  tubs  for  thirty  minutes,  and  then  dried  in  the  sun  for 
three  to  four  days.  They  are  stored  in  warehouses  in  Kiyoto,  often 
for  several  years,  before  being  used.  The  reactions  given  by  the 
tannin  they  contain  are  identical  with  those  of  ordinarj-  gall-nut 
tannic  acid. 

The  amount  of  tannin  determined  by  the  permanganate  process  in 
se\'en  samples  of  different  ages  up  to  eight  years  ranged  from  58.82 
to  67.7  per  cent.  The  old  galls  were  very  brittle,  and  gave  much 
darker  decoctions  than  the  fresh  galls,  but  did  not  contain  less  tannin. 

•  CompUs  Rend  us,  1867.  Ixv.  1 091. 

t  Tejrt-book  of  Tanning,  p.  28.  %  Chem.  New*,  1880,  xlii.  275. 
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The  commercial  JupancHc  galU  that  wc  tiave  had  the  opportunity 
of  examining  *  undoubtedly  differed  both  in  Kize  and  Mhai>e  from  the 
ChincMo  pHMluct,  were  alHO  softer,  and  had  ver>'  much  thiiutcr  walls. 
A  typical  .Japanese  gall  is  shown  in  Fig.  20.  These  galls  contained 
10.46  per  cent,  of  moisture,  1.96  |)er  cent,  of  mineral  matter,  and 
yielded  50  })er  cent,  of  tannin  when  boiled  for  three  hours  with  suc- 
cessive portions  of  water. 

Mr.  R.  M.  Prideaux,  who  has  kindly  made  a  microscopical  examina- 
t  inn  of  t  he  debris  in  some  of  these  Chinese  and  Japanese  galls,  informs 
IIS  that  the  two  aphides  are  not  demonstrably  of  different  specie*. 
Those  from  the  Chinese  galls  were  uniformly  smaller  than  those  from 
the  .Japanese  galls,  and  lacked  the  rudinu'ntar>-  wings  of  the  latter  ; 

but  it  woulfl  be  necessary  to  follow 
out  the  entire  life-history  of  both  in 
the  growing  galls  tM>fore  lH>ing  able 
to  detennine  with  any  certainty  the 
specific  value  of  the  differences  ob- 
serveti  in  the  dead  debris.  (S<-i- 
Figs.  21  and  a.) 

A(X)RH  QALLSiKnopptr,!).  Hum- 

galls,    also     known    as    Picdmontrae 

galls,  are  produced  by  the  female  of 

^  .  Cynips    qiierats-calicis    (m    different 

panrse  ga  .  oaks  (Q.   pedunculata.   Q.   sfs»i/lora. 

Sec),  in  the   forests  of  Austria   and 

Hungary',  especially   in  Dalinntia,  Slavonia,  and  Croatia.     It  is  a 

large  gall,  33  to  50  mm.  in  length,  by  33  to  40  mm.  in  breadth. 

resembling  Aleppo  galls  in  liaving  a  crown  of  five  or  six  points  at 

the  top.     The  interior  is  s|)ong>',  and  has  a  Kphen)idal   chamber 

containing  the  larva  in  the  centre.     This  gall  is  the  same  as  the 

pnmme  de  Chine  of  RiaumuT.\ 

The  galls  are  collecte<l  from  August  to  October,  after  they  have 
fallen  from  the  trees,  and  are  sold  either  whole  or  in  the  form  of 
powder.oras  an  extract.  They  contain  less  than  43  jmt  cent,  of  tannin, 
which,  ac(*ording  ioLdice,X  is  the  same  as  that  of  nthrr  galls,  giving 
analytical  results  corres|>onding  with  tlie  formula,  Ci4ll|«()f 

F.itner^  ma<le  an  examination  of  the  Knop|M>ni  collertetl  in  1S.S4 
in  difTcrent  districts  of  Austria,  and  found  them  to  contain  aliKut  1  .- 
|H*r  cent,  of  moisture,  whilst  the  proportion  of  tannin  rangi  < 
^3.0 1  to  »«.(>•  per  cent. 

*  UnpuUiahcd  rMults. 

t  Diet,  it*  Seitmee*  MtdietiU*,  art.  "  OallM." 

i  ZtU.  «ial.  Cktm,,  1875.  xiv.  46. 

f  Dtmghr'0  jwfyl.  Jomm,,  1885.  ocIt,  485. 
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Fio.  21.    Aphis  from 
Chiijese  gall,      x  i8. 


Kiii>p|M-rn  pttts  art*  soiiu-tiincs  ukimI  in  thi-  inaniiractiire  of  ink, 

though  according  to  yirdt  •  their  use  is  not  conunon,  probably  owing 

tt)  their  I'oniparatively  low  pn>|>ortion  of  tannin. 

.\  similar  ;;all  is  also  prcMliieed  on  the  Qurrais  infecioria  of  Asia 

Minor,  but  is  spherical,  and  has  the  tubercles 

round  the  centre  instead  of  at  the  top. 
OAK-APPLE   GALLS.     The   common   galls 

known  in  Kngland  as  oak  applrs  are  produced 

by    a    siH'eies    of    Cynips   (C.    Kollari   or    C. 

lignicola.   Hart)  on  the  branches  of  the  oak, 

Qurrcus  robur,  and  apfiear  to  l>e  closely  allied 

to,  if  not  identical  with,  the  palls  formed  on 

that  oak  throujjhout  Central  Kurope. 

They  are  jK-rfectly  spherical  (see  F'ig.  23), 

and  of  a  light  greyish-green  or  reddish  colour. 

British  galls  contain  very  much  less  tannin  than  Aleppo  galls,  and 

generally    less    than    Knoppem.     Braithicaite  f    obtained    only    an 

insignificant  amount  from  Devonshire  galls,  but  did  not  state  what 

method  of  determination  he  employed. 

In  1856  Vinen  X  made  an  examination  of  the  galls  produced  by 

Cynips  quercus  petioli,  after  the  escape  of  the  insect.     100  parts  of 

the  galls  digested  with  ether  and  water  gave  26.74  parts  of  extract, 

containing  17  parts  of  tannic  and  gallic  acids.  According  to  Vitien 
these  galls  were  at  that  time  used  in  Devon- 
shire for  the  manufacture  of  ink. 

In  1847-48  the  oaks  in  East  Devonshire 
became  infected  with  Cynips  Kollari  (Fig.  24), 
and  the  galls  also  appeared  suddenly  in  i860 
in  great  quantities  in  the  woods  to  the  North 
of  London.  According  to  D' Urban  ^  these 
galls  contained  a  considerable  amount  of 
tannin  and  made  excellent  ink. 

As  there  was  considerable  doubt  as  to  the 
commercial  value  of  British  galls,  and  con- 
flicting statements  had  been  published  as  to 
the  amoimt  of  tannin  contained,  Judd  made 
a  scries  of  experiments  on  galls  at  different 
seasons,  the  tannin  being  precipitated  in  each 

case  by  means  of  alum  and  gelatin.     He  found  that  old  galls  hanging 

on  the  trees  in  December  contained  on  the  average  15.97  per  cent,  of 


Fm.  22.     Aphis  from 
Japanese  gall,    x  18. 


•  Dingier /I  polyi.  Journ.,  1855,  ccxvi,  453. 

t  Pharm.  Journ.  Trans.,  1855,  xv,  544. 

t  Ibid.  1856,  xvi,  137.  §  Ibid.  1863,  xxii.  520. 
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tannin,  whilst  nmturc  in)|KTforated  f^lls  KBthered  in  Auf^ust    (<>ti 
tuined   on  the  ftveragc   17.O5  per   ((iit.,    and  half-developed    and 
shrivelled  jyalls  13.44  ptT  cent. 

An  ink  ofaveragequality  was  prepared  from  the  old  jH^rforatiti 
An  analysis  of  a  speeimen  of  Cheshire  pills  made  by  H'alnoii 
in  i«<>9  jjave  the  following  results  :  Tannin,  26.71  ;  gallieaeid,  Inuv  ; 
wcMxly  fibre.  47.HS  ;  moisture.  20.O1  ;  and  colouring  matter  and  hiss. 
4.80  per  eent. 

Specimens  of  oltl  oak-apple  galls  collected  \>\  us  during'  llir 
winter  in  Surrey  contained  only  1 1  per  cent,  of  tannin  as  determined 
by  Procter's  hide-|K)wder  metluMi,  but  when 
examined  by  a  colorimetric  method  the  amount 
of  gallic  and  tannic  acids  in  terms  of  gallotannie 
acid  was  30.7  per  eent. 

These  galls  yieldetl  a  good  ink,  and  there  seems 
to  be  no  reason  why  Knglish  galls  should  not  be 
used  in  admixture  with  the  richer  foreign 
varieties  by  ink  manufacturers. 

The    French    flails   sometimes    met    with    in 
commerce  are  slightly  larger  than  ordinary  oak- 
apples,  which  they  closely  resemble  in   general 
Fro.  23.    Oak-apple     appearance.     They  are  formed  upon  the  shoots 
gall.  of    Quercus    ilex    in     Mediterranean     districts. 

Probably  some  of  the  varieties  of  Punjab  galls 
arc  obtainc<l  from  this  species  of  oak. 

OTHER  VARIETIES  OF  GALLS.  There  are  numerous  other  kinds 
ol  ^alls.  soiiK-  of  wliich  art-  of  considerable  imfMirtance  as  tanning 
materials,  but  they  do  not  appear  to  have  been  used  in  the  nuinufac- 
turc  of  ink.  though  probably  some  of  them  would  be  suitable  for  the 
|)ur|)ose. 

The  small-crmvned  Aleppo  galls,  which  are  occasionally  foimd  mixed 
with  ordinary  .Aleppo  galls,  are  also  produced  u|M>n  Qiierciia  infecloria, 
but  by  a  different  insect  {C.  polycera).  They  are  about  tl"-  ^'"  "f  =' 
pea,  and  have  a  circlet  of  snmll  projections  at  the  top. 

Pistachio golls  are  produced  by  Auopleura  Irnlisci  on  pljmi-.  <•■  ii  . 
pistacia  order,  and  aire  exported  ffom  Bokhara  together  with  pis- 
tachios. They  are  red  galls,  about  the  size  of  a  cherrj-.  and  liave  a 
characteristic  taste. 

Mecca  or  Itassorah  galls  are  pnHlueed  upon  an  oak  by  (Ufnipt 
insana.  .\eeonling  to  an  analysis  by  liley*  they  have  the  foHowing 
com|Misition  :  Tannic  acid,  26.00  ;  gallic  acid,  i.do  ;  fatty  oil,  o.do  ; 
resin,  3.40  ;  extractives  and  salts,  .-.tx)  ;  starch,  8.40  ;  wcKKiy  fibre, 
46.00  ;  and  moisture,  1 2  |)er  rent . 

•  Artkiv.  i*r  Pkarm.  •   •  •'    t  >s. 
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Tamiirix  galls,  also  kiiuwn  us  red  galls,  arc  foriufd  on  Tatnarix 
orienlalis  and  (it her  plants  of  the  same  order.  They  are  o{  a  bright 
retl  eolour,  and  arc  about  i  cm.  long  by  0.5  cm.  broad.  They  are 
exten.sively  employed  in  dyeing  and  tanning,  and  in  India  they  arc 
used  metlioinally  by  the  natives.  Similar  galls  are  produced  on 
T.  articulata  in  Mon>cco. 

The  galls  fonne<l  on  the  American  "  live  oak,"  Q.  viren*,  contain 
40  per  (lilt .  of  tannic  acid,  and  are  very  similar  to  Aleppo  galls.     \ 


soft,  s|K)ng>',  and  very  astringent  gall  is  formed  on  the  Califomian  oak, 
Q.  lobata* 

Terebinth  gall*  are  due  to  the  action  of  aphides  on  certain  species  of 
Terebinthacect  growing  in  the  countries  bordering  on  the  Mediter- 
ranean. They  are  red  in  colour,  long  and  flat,  and  have  horn-shaped 
pnijections.  Within  them  is  a  large  cavity  in  which  fragments  of  the 
aphides  can  usually  be  discerned.  They  contain  a  considerable 
amount  of  tannin  and  a  resinous  juice  that  readily  exudes.  These 
galls  are  sometimes  termed  apples  or  galls  of  Sodom. 

*  Trimble,  Tkt  Tanniiu,  vol.  i.  p.  63. 
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H'atl  *  states  that  the  frnUs  prcKiuccd  upon  Pistaria  terebiuthus  m 
India  are  regarded  by  the  natives  as  valueless,  though  the  leaves  arc 
used  for  dyrifiir  siful  tMiunni;.  Tliry  an-  sold  in  Hornlmy  as  pistaehio 
galls. 

Tannins. 

The  substances  to  which  the  ycncral  name  "  tannin  has  l>een 
applied  are  compounds  possc^sin^  certain  conmion  chemical  and 
physical  characteristics.  They  are  widely  distributed  throughout 
the  vegetable  kingdom,  and  it  is  nut  improbable  that  many  of  them 
are  individual  substances,  just  as  are  the  different  fatty  acids  that 
occur  in  vegetable  oils. 

When  separated  in  a  state  of  purity  or  approximate  purity,  tannins 
are  odourless  white  or  brown  substances,  with  a  verj'  astringent  taste. 
They  are  insoluble  in  chloroform  and  carbon  bisulphide,  but  dissolve 
in  water,  alcohol,  and  ether.  They  yield  blue  or  green  insoluble 
compounds  with  iron  salts,  and  most  of  them  arc  precipitated  by 
potassium  chromate.  They  also  usually  combine  with  antimony, 
with  lead,  and  many  other  metals  to  form  insoluble  salts.  With  lime 
water  they  yield  precipitates  of  var>-ing  colour,  and  with  gelatin  they 
form  an  insoluble  compound  (leather). 

Tannins  are  soluble  in  concentrated  sulphuric  acid,  the  solution  on 
heating  Ix'coming  first  red  (ruhgtdlic  acid),  and  then  black  (metagallic 
acid).  Tijey  arc  oxidised  by  nitric  acid  and  by  |H>tassiun»  jM'r- 
manganate,  the  latter  reaction  forming  the  basis  of  a  «|uanlitative 
method  of  determination. 

CLASSIFICATION  OF  TANNINS.  Tannins  are  frequently  tlrstnUed 
as  "  iron-blueing  "  or  "  iron-greening,"  according  to  the  colour  of  the 
precipitate  they  fonn  with  ir<»n  salts.  This  difference  is  evidently 
one  of  constitution,  for,  as  Stenhoiise '\  first  showed,  one  group  of 
tannins  can  be  converted  into  gallic  acid  and  yield  pyrogallol,  whilst 
the  other  group  does  not  give  these  reactions. 

Thus,  when  heated  to  1 60°  C,  different  prcKlucts«>l  -n 

are  formed,  the  "iron-blueing"  tannins,  of  which  '^  nd 

may  Ik*  taken  as  the  ty|)e.  yiekling  metagidlic  acid  and  pyrogaUol, 
whilst  the  "  iwn -green ing  "  tannins  pnxluce  metauallic  acid  and 
catechol. 

Thorpf^a  metluxl  of  preparing  pyrogallol  by  luatin^  ^iiUwi. .;...., 
acid  in  glycerin  has  lx*en  used  as  a  qualitative  test  of  the  nature  of  the 
tannin  :  i  gnn.  of  the  tannin  is  slowly  heated  to  160°  C  in  5  c.c.  of 
glycerin,  and  the  tem|H*rature  then  raised  to  200-210"  C.  for  20 
minutes.  The  li(|uid  is  then  dilutetl  with  10  c.c.  of  water  and  ex- 
tracted with  an  equal  volume  of  ether  (or  extracted  with  ether  with- 
•  Did.  0/  Kfonomir  I'roiitietM.  f  Hem.  Chrm.  Stw 
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out  previous  dilutiun.  Trimble),  and  the  residue  from  the  ethereal 
extract  dissolved  in  water  and  tested  for  pyrogallol  or  catechol  by  the 
following  tests  :  ♦ 


BMgent. 

PyTojr«Ilol. 
I  per  cent.  w>Iution. 

Catechol. 
I  per  cent,  •olutlon. 

F«rric  chloriile    . 
Ferric  acetate 
Lime  water 
Finewood      moistened 

with      hydrochloric 

acid         . 

Melting-point    . 

Red,  turiiinfir  brown. 

Dark  purple. 
Purple,  then  brown. 

No  change. 

131°  c. 

Qreen  colour. 
Clear  red. 

Violet  colour. 
in'C. 

When  a  tannin  is  heated  with  dilute  hydrochloric  acid  (2  per  cent.) 
in  a  sealed  tube  at  100°  C.  an  insoluble  precipitate  of  ellagic  acid 
(crimson  colour  with  nitric  acid)  may  be  formed. 

When  b<jilcd  with  alkalies  the  "  iron-greening  "  tannins  yield  pro- 
tocatechuic  aei<l  and  phloroglucinol,  or  acetic  acid,  whilst  the  "  iron- 
blueing  "  tannins  are  converted  into  gallic  and  ellagic  acids. 

The  elementarj'  composition  of  the  different  tannins  has  been  sug- 
gested by  Trimble  f  as  a  possible  means  of  cla.ssification.  Thus,  the 
gall  tannins,  or  "  iron-blueing  "  group,  contain  about  52  per  cent,  of 
carbon  and  about  3.5  per  cent,  of  hydrogen,  whilst  the  "  iron- 
greening "  tannins  have  60  per  cent,  of  carbon  and  5  per  cent,  of 
hydrogen,  e.g.  : 

Group  /. 


Gallotnnnic  acid     . 
Chestnut  wood  tannin   . 
Chestnut  ttark  tannin 
Chestnut  tannin  {\at$) 
Sumach  tannin  (fjSwe) 


Carbon. 
Per  cent. 


52.10 
52.11 

52-42 
5207 
52.42 


Hydrogen. 
Per  cent. 


352 
4.40 
4.67 
3-97 
356 


♦  Trimble,  The  Tannim,  i,  p.  26. 


t  Ibid,  ii,  p.  132. 
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Group  J  I, 


Garbcm. 

FWMBt. 

Fwent. 

Oak-hnrk  tannin  (av.  of  9)     . 
Kino  tnnnin  {Uergholz) 

Oak-ltikrk  tannin  (AY/i)  • 

Cat<?ciiu  tnnnin  (Ijiin^)  .... 

Tunntiotiila  tannin  (lUmlold) 

59  79 
59-65 
59.25 
61.93 
6a  75 

S.08 
4.87 
4-99 
4.80 
4^65 

The  tannins  in  Gmup  I.  give  a  white  preeipitatc.  changing  to  blue 
with  lime  water,  whilst  in  the  case  of  the  tannins  in  Group  II..  the 
colour  of  the  precipitate  is  light  pink,  changing  to  red  or  brown. 
Hrominc  water'precipitates  the  tannins  in  the  second  gToiip.  luf  not 
those  of  the  first  group. 

The  clifTerences  in  the  conii)Osition  of  tannins  frt>m  different  .sour(.*cs 
were  also  shown  in  analyses  made  by  Koerner  and  IVtcrmann.* 


Tannin  from 


Quebracho 
Oak-wood 
Chestnut-wood 
Mimosa  bark 


Oirboo. 
Per  emit. 


63-79 
5305 
51.28 

57-37 


Hydruitrn. 
Her  crnt. 


4.81 
4.81 
4.40 
5-57 


limneU  f  has  described  tests  for  distinguishing  between  valonia. 
oak-wtKMl  and  chestnut  tannins.  Valonia  tannin  yields  a  dense 
yellow  cr^'stalline  precipitate  (('«H,Kr,().Kr)  on  adding  bromine 
water  to  the  solution  of  the  pnKluct  of  its  dr\'  distillation.  Chestnut 
tannin  treated  in  the  same  way  gives  no  precipitate,  while  nsikwfXHi 
tannin  gives  a  small  amount  of  a  dark  product  melting  :>'  '  > 

II2°C. 

SUITABILITY  OF  TANNINS  FOR  INK-HAKING.  Only  the  in>n- 
bUu'iiig  "  iaiuuiis  arc  suitabli-  Mibstaiuts  fi>r  the  manufacture  of 
black  ink,  aa  haa  been  shown  by  Schluttig  and  Srumann.l  who  found 
tlut  mixtures  of  extracts  of  pine,  catechu,  quebracho,  kino,  and  hem- 
lock with  sulutJona  of  iron  salts  gave  bright  green  colorations  on 

*  Cktm.  ZtiU,  1904.  xxriii.  Rep.  328. 

t  Jomrm,  80c  Ckem,  Ind.,  1914.  xxxiii.  1186. 

X  Dm  EtMitgmtluatinlen,  p.  38. 
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paper,  bat  that  after  six  months*  exposure  only  rust-like  stains 
were  left. 

Good  black  inks  can  be  prepared  from  aigarobilla,  divi-divi,  myro- 
balans,  valunia.  and  sumach,  all  of  which  contain  "  iron-blueing  " 
tannins. 

()ak-bark  tannin,  although  an  *'  iron-grccninji "  tannin,  also  con- 
tains a  substance  giving  a  blue  precipitate  with  iron  salts,  and  can 
therefore  be  used  in  the  mjinufacture  of  ink  {vide  infra). 

The  most  im|>ortant  of  the  tannins  suitable  for  ink  are  described 
individually  in  the  following  pages. 

Chestnitt  Bark  and  Wood. 

The  Spanish,  or  Sweet  Chestnut  (Caatanea  vesca)  is  a  large  tree, 
frequently  So  feet  or  more  in  height,  which  grows  abundantly  in  the 
countries  surrounding  the  Mediterranean,  and  in  sheltered  districts 
as  far  north  as  Scotland.  In  America  it  is  common  in  many  of  the 
States  as  far  west  as  Indiana.  The  fruit  is  the  well-known  chestnut, 
which  is  largely  imported  into  this  countrj-. 

CHESTNUT  EXTRACT.  An  aqueous  extract  of  chestnut  wood  or 
bark  is  prcparctl  extensively  in  Pennsylvania  and  Virginia,  the  decoc- 
tions being  subsequently  evaporated  to  a  solid  mass.  According  to 
Trimble,*  it  is  imjwssible  to  manufacture  a  good  extract  without  the 
use  of  a  vacuum  pan.  It  is  said  to  be  frequently  adulterated  with 
molasses  or  glucose,  and  is  itself  employed  to  adulterate  oak  bark 
extract. 

CHESTNUT  TANNIN.  Sheldon,-f  who  appears  to  have  been  the 
first  to  call  attention  to  the  value  of  chestnut  wood  as  a  tanning  and 
dyeing  material,  asserted  that  it  contained  twice  as  much  tannin  as 
oak  bark. 

Trimble  (loc.  cit.)  found  air-dried  chips  to  contain  7.85  per  cent,  of 
tannin,  which  is  slightly  higher  than  the  amount  found  by  Sheldon  ; 
whilst  Simand  I  found  .s.5  jkt  cent,  in  chestnut  wood,  and  23.52  i>er 
cent,  in  chestnut-wood  extract  of  31°  B^.,  the  determinations  being 
made  by  LowenlhaFs  permanganate  method. 

\ass  §  was  the  first  to  prepare  a  tannin  from  chestnut  wood,  and  to 
determine  its  composition  and  properties.  The  aqueous  extract  of 
the  wood  was  fractionally  precipitated  with  so<iium  chloride,  and  the 
final  fractions  dialysed  and  then  extracted  with  acetic  ether. 

In  this  way  he  obtained  a  white  preparation  which  was  soluble  in 

•  Thf  Tannins,  ii.  p.  129. 

t  Amer.  Joum.  Scienet,  1819,  i,  313. 

X  Dingier  s  polyt.  Joum.  1885,  cclv.  487. 

§  Zeit.  anal.  Chem.,  1886,  xzr',  134 ;  also  Trimble,  The  Tannin*,  ii,  p.  124. 
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water,  alcohol,  ether,  and  glycerin,  and  gave  the  following  reactions 
when  tested  in  a  one  per  cent,  solution. 


Rmgenti. 

Chflttaat  taanln. 

GaUocaanie  aeUL 

Ferrous  salt 

Ferric  ammonium  sul- 

No  change. 

Nochaofe. 

phate 
Tartar  emetic  +  ammo- 

Blue-black precipi- 
Ute. 

Blue-black  preeipi- 
Ute. 

nium  cliloride  . 
Bromine  water     . 
Lime  water  . 

Sulphuric  acid  (1:9). 

Slight  precipitate. 
No  prwipitate. 
Light  pri-cipitate,  he- 
coniiiit;  light  blue. 
No  de|>u8it  on  boil- 
ing. 

Slight  precipiUte. 

N"  prMpltate. 

Wl                  iat«,b©- 

•                   t  blue. 

No  ui.-jnir.ii  un  boil* 
ing. 

When  heated  to  200°  C.  it  was  converted  into  pyrogallic  and  nieta> 
gallic  acids,  and  gave  an  acetyl  derivative  closely  resembling  that  of 
gallotannic  acid. 

Its  elementary  composition  was  also  found  to  be  very  similar  to 
that  of  gallotannic  acid,  a.s  is  shown  by  the  following  results  ob- 
tained by  \as8  and  by  Trimble  *  : 


— 

Cbestnut 
tanniD 

(A'OM). 

Per  oenu 

CbeMnnt 

wood  Unnia 

{THwMe). 

Percent. 

Cbeatnot 

bark  Uantn 

(7WmW«). 

Pereeat. 

GaUotaaaie 
artd. 

rereeat. 

Carbon  . 
Hydrogen 

52. » 
3.97 

Sa-4a 
467 

5a.ll 
4.40 

52.17 
3.10 

In  TrimbWa  opinion  this  similarity  in  composition  and  reactions 
renders  it  highly  probable  that  chestnut  tannin  is  identical  with  the 
gallotnnnic  ncid  from  gnlls. 

INK  FROM  CHESTNUT  WOOD.  Shrhion  {he.  eit.)  in  1819  ftMuid 
that  (lu'stnut  wimmI  rtmtaiiu-d  'J  ais  much  substance  giving  a  black 
coloration  with  inm  {i.e..  tannin),  ns  wn.s  present  in  logwood  (lurnui- 
toxylin).  He  stated  that  it  was  probably  unequalled  as  a  nwterial 
for  ink,  since  it  gave  a  rich  blue-black  colour  with  iron.  whtUt  galls  or 

•  /oc.  at.,  p.  la?. 
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sunmch  usicd  in  the  same  pro|)<»rtion  had  a  re<lder  shiwle.  The  ink 
formeil  by  chestnut  decoction  was  blue,  but  on  paper  it  dried,  yielding 
an  intense  black.  The  penitanency  of  the  ink  was  tested  by  exposini; 
the  writing  to  the  sun  and  air,  and  was  found  highly  satisfactorj'. 

Schlutlig  and  Seumatin*  however,  in  their  comparative  tests  on 
the  stability  of  inks  prepared  from  different  tannin  materials,  found 
that  chestnut  iron-ink,  originally  blue-black,  was  fainter  than  the  ink 
from  most  of  the  other  "  iron-blueing  "  tannins  (p.  42). 

In  1S25  Giroud  took  out  a  |)atent  (Eng.  Pat.  No.  5285)  for  a  substi- 
tute for  galls,  to  which  he  gave  the  name  of  *'  damajavag."  This  was 
prepared  by  soaking  i  cwt.  of  the  wood  of  the  chestnut  tree,  or  shells 
of  the  nut,  with  water  for  twelve  hours,  and  then  boiling  it  with  180 
to  200  quarts  of  water  and  eva|x>rating  the  decoction  to  a  paste, 
which  was  to  be  used  in  the  manufacture  of  ink,  or  in  tanning. 

An  ink  pre|>ared  by  us  from  chestnut  extract  had  a  good  blue-black 
colour.  On  standing  exposed  to  the  air  for  a  month  it  yielded  a 
deposit  containing  7.37  per  cent,  of  iron. 

Sumach  . 

Sumach  or  Sumac  is  the  name  given  to  the  leaves  of  various  plants 
belonging  to  the  natural  order  Rhus. 

Of  these  the  Silician  sumach,  Rhus  coriaria,  grows  wild  in  Spain, 
Portugal,  and  other  Mediterranean  districts,  and  is  also  widely  culti- 
vated in  these  countries.  The  most  esteemed  variety  of  Sicilian 
sumach,  known  as  Alcamo,  occurs  in  commerce  as  a  light  green 
powder,  with  an  aromatic  odour.  A  second  and  inferior  variety, 
which  is  chiefly  used  in  dyeing,  has  a  more  yellow  shade  and  con- 
tains less  tannin. 

The  best  French  sumach  is  ven,-  similar  to  that  grown  in  Sicily. 
Another  French  variety,  known  as  redou,  is  obtained  from  Coriaria 
myrtifoUa  (Fig.  25). 

In  preparing  sumach  for  the  market,  the  branches  are  dried  in  the 
sun,  and  the  leaves  removed  and  ground  to  powder  in  mills. 

The  leaves  of  the  Venetian  sumach,  Rhus  cotinus,  a  shrub  culti- 
vated in  Italy  and  the  south  of  France,  contains  a  yellow  dyestuff, 
and  a  tannin  which  gives  an  olive-green  compound  with  iron  salts,  and 
is  therefore  unsuitable  for  ink-making. 

In  America  two  species  of  Rhus,  R.  copallina  and  R.  glabra,  both  of 
which  contain  much  less  tannin  than  Sicilian  sumach,  are  extensively 
used  as  tanning  materials. 

SUMACH  TANNIN.  The  proportion  of  tannin  in  sumach  varies 
considerably,  but  the  usual  limits  are  from  about  i  ^  to  :o  per  cent. 

*  loc.  cit.  p.  38. 
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Stenhoitse  ♦  was  the  first  to  show  the  shnihirity  in  com|K)«itlon  and 
proiK-rtic's  lu'twcen  tin*  tannin  of  siinmch  and  ^allotannic  acid,  lioth 
yielding  gallie  aeid  and  pyro^'alhil.     Tlie  |>ercentage  composition  of 


Fio.  .25.     Sumach  {Coriaria  mufrUJoHa). 


his  sumach  tannin  was  :  Carbon,  49.73  to  50.12  ;  hydrogen. 
3.76  ;  and  oxyjfon.  46.24  to  46.51. 

Ldvcf  t  obtained  a  piirtT  product  by  extracting  Sicilian  sumacfi 
with  alcohol,  treating  the  residue  fh>m  the  extract  wHh  wn< 


•    Vm.  Chtm.  Soc..  1 


t  Z*H,  amal.  C 


I.  xu.  i:^. 
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I  met  ill);  the  tannin  by  means  of  acetic  acid,  and  purifying  it  by 
re[M-atedly  dissolving  it  in  water,  and  precipitating  it  with  sodium 
chloride.  (>allic  acid  (which  was  not  identified)  would  be  left  in 
solution  in  the  stMlium  cliloride  treatment. 

LOive  confirmed  Slrnhmue^a  statement  of  the  formation  of  gallic 
acid  fronj  the  tannin.  Crj'stals  of  the  latter  were  obtained  by  heating 
the  tannin  solution  either  alone  or  with  z  |)er  cent,  of  sulphuric  acid 
for  sevenil  hours  in  a  sealed  tube  placed  in  a  brine  bath. 

The  pn>perties  of  the  Sicilian  sumach  tannin  were  found  to  be 
identical  with  gallotannic  acid,  and  analysis  showed  them  to  have 
the  same  composition,  corresponding  with  the  formula  C,4H,oO,. 

Loivf  was  doubtful  whether  the  tannin  of  other  species  of  sumach 
could  also  be  regarded  as  identical  with  gtillotannic  acid.  Thus  a 
tannin  prejmred  from  Tyrol  sumach  ct)ntained  52.3  percent,  of  carbon 
and  3.8  i>er  cent,  of  hydrogen,  corresponding  with  the  fornuila 
Cj,II,|0,o.  Moreover,  this  tannin  differed  from  that  of  Sicilian 
sumach  in  not  yielding  gallic  acid  when  heated  in  a  sealed  tube  with 
sulphuric  acid. 

Sumach  contains  a  small  quantity  of  a  yellow  dyestuff,  qtiercetrin. 

INK  FROM  SUMACH.  As  the  tannin  of  sumach  is  identical,  or  at 
least  allied  to  that  of  galls,  it  was  to  be  anticipated  that  it  would  yield 
an  ink  of  a  very  similar  character,  only  modified  slightly  by  the 
colouring  matter  of  the  leaves.  In  fact,  Ribeaucourt  *  found  that 
the  ink  made  from  it  had  a  greenish  shade. 

//«ri«,t  who  made  ex|>eriments  in  1 763  with  sumach  as  an  ink 
material,  came  to  the  conclusion  that  it  was  inferior  to  galls  as  a 
source  of  tannin. 

Schlullig  and  \eumann,X  however,  have  shown  that  sumach  iron- 
ink  is  but  little  inferior  in  durability  to  ink  prepared  from  Chinese 
galls,  and  sujx'rior  to  **  Knoppem  "  ink.  According  to  Viedt,%  ink  is 
occasionally  prepared  from  sumach  on  a  manufacturing  scale. 

Drvi-Divi. 

Divi-divi  is  the  name  given  in  commerce  to  the  dried  pods  of  the 
South  American  shrub.  Ccesalpinia  coriaria  (Fig.  26),  which  was  not 
known  in  KurojH"  until  the  latter  half  of  the  eighteenth  century.  It 
grows  in  low-lying  marshy  lands,  attaining  a  height  of  twenty^  to 
thirty  feet. 

The  [kmIs  are  of  a  dark  brown  colour,  and  about  one  and  a  half  to 
three  inches  in  length.     They  have  a  very  astringent  taste,  due  to  the 


*  Ann.  de  Chim.,  1792,  xv,  156. 

t  loc.  eit.  p.  382.  X  ^'  *•'•  P-  3*' 

$  DingUr't  polyt.  Joum.,  1875.  ccxvi,  453. 
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tannin,  which  is  for  the  most  part  concentrated  in  the  rind  imme- 
diately beneath  the  epidermis.  The  recorded  amuunt  of  tannin 
ranges  from  30  to  52  per  cent.  A  commercial  sample  examined  by  us 
contained  ;^()  j)er  cent. 

DIVI-DIVI  TANNIN.  Stenhouse  *  separated  a  tannin  from  di\  i- 
diyi,  which  he  found  to  have  the  following  composition  :  Carbon, 
50.12  ;  hydrogen,  3.72  ;  and  oxygen,  4.62. 

This  tannin  yielded  gallic  acid  and  pyrogallol,  and  formed  deep 


l-iu. 


.livi  i..m1- 


blue  insoluble  comfiound.s  with  ferric  salts,  and  was  thus  very  similar 
in  com|K>sition  and  pro|Krties  to  gallotannie  aei<l. 

In  a  more  extended  research,  Lmvr  f  found  that  the  tannin  of  divi- 
divi  behaved  with  most  reagents  like  gallotannie  acid,  from  which  it 
was  distinguished,  however,  by  yielding  a  de|)osit  of  ellagtcacid  when 
heated  in  a(|uef>us  solution  in  a  sealed  tube. 

He  therefore  describc<l  this  tannin  as  ellagitannic  acid,  and  ascril>c<i 
it  to  the  fonnula  C'nII,pO„.  which  may  Ik*  regarded  as  gallic  acid, 
^uHit^io.  minus  2  atonis  of  hydrogen,  or  gallotannic  acid,  Cj^Ilj^O,. 
plus  I  atom  of  oxygen. 

L6wr  also  found  the  same  tannic  aci<l  in  m\Tobalans. 

A  s|M>cimen  of  divi-divi  examined  by  us  ctmtained  34  per  cent,  of 
tannin  determined  cnlori metrically,  arid  expressed  in  terms  of  gallo- 
tannic acid. 

•  Hem.  Cktm.  Soc..  1842.  i.  141.  f  Xf,i,  „^,i,  (  ),rm..  i?75.  \ 
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INK  FROM  DIVI-DIVI.  Stenhouse  (loc.  cit.)  states  that  calico 
prinleni  liad  attcmplctl  to  use  divi-clivi  as  a  substitute  for  galls,  but 
had  not  found  it  satisfaeton*-,  owing  to  the  large  proportion  of  other 
extractive  nmtters  (gums). 

In  the  case  of  ink  tliis  would  not  be  so  objectionable,  and  in  fact 
I'ie'fU  *  asserts  that  divi-divi  is  sometimes  used  in  Germany  as  a  source 
of  ink-tannin. 

An  ink  was  prepared  by  us  from  an  extract  f>f  divi-divi  (5  grms.), 
treate<l  with  i  grm.  of  ferrous  sulphate.     The  de|)()sits  yielded  by  this 
ink    contained     from 
6.77  to  7.77  i>er  cent. 
of  iron. 

Myrobalans. 

The  dried  fruit  of 
different  s|)ecies  of 
Trrminalin  growing 
in  India  and  the  East 
Indies  is  sold  as  a 
tanning  and  dyeing 
material  under  the 
name  of  mvrobalans 
(Fig.  27). 

The    ripe    I'ruit 
weighs  between  5  to  10  grms.,  and  has  a  very  astringent  taste,  due 
to  the  tannin  in  the  husk. 

The  Indian  species,  T.  chebula,  which  yields  the  "  black  '*  or 
"  chebulic  "  myrobalans  of  commerce,  is  extensively  used  in  con- 
junction with  iron  salts  as  a  black  dye,  and  is  also  employed  in  the 
manufacture  of  ink. 

The  earliest  mention  of  the  possible  use  of  myrobalans  as  a  substi- 
tute for  galls  is  that  made  by  A.  Johnson  f  in  a  communication  to  the 
Society  of  .Vrts  in  iSoi,  in  which  he  stated  that  the  natives  in  India 
used  them  to  give  a  black  colour  to  leather,  mixing  the  powder  with 
iron  fllings  and  water. 

A  committee  of  the  Society  appointed  to  report  on  the  subject 
found  that  the  pulp  and  outer  husk  of  the  fruit  gave  a  rich  black 
colour  with  ferrous  sulphate. 

Ink  prepared  by  us  from  myrobalans  was  of  a  good  blue  black  crilour, 
and  yiehled  insoluble  dejwsits  containing  about  6  |>er  cent,  of  iron. 

THE  TANNIN  OF  BfYROBALANS.  Lmve  *  found  about  i  per  cent, 
of  gallic  acid  in  myrobalans.  and  extracted  a  tannin  which  contained 

•  DingUr"*  polyt.  Journ.,  1875,  ocxvi.  453. 

+  Trnn.i.  Soc.  Arts.  iSui.  xix.  343.  I  Zeit.  anal.  Chem.,  1875,  xiv,  35. 
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49.42  per  cent,  of  carbon  and  3.16  per  cent,  of  hydrogen,  oorre»i»ond- 
ing  with  thf  foriniihi  C'nII,o(),o. 

When  htatc'd  in  u  scaU'd  tube  at  io8°-llo°  C,  a  Kolution  of  this 
tannin  yiehlod  a  drponit  of  clIaKic  acid  ;  and  from  this  fact  and  the 
elenuMitary  analysis,  Ldicr  conciudrd  that  it  was  tllaL'it;iii:ii<  a<id. 
identical  with  that  of  divi-divi. 

Zolffel  *  continncd  LmtVs statement  «>1  thi  »»tcurrciKi  *..  .  ,.* ;  ^  ml. 
of  gaUic  acid,  but  found  that  the  tannin  was  a  mixture  of  ellagitannie 
acid,  and  a  glucoside  of  gallotannic  acid,  the  former  bein^  in  thr 
greater  proportion. 

A  spceimen  of  myrobahms  examined  by  us  was  found  to  contain 
39  per  cent,  of  tannin  determined  calorimetrically,  and  expressed  in 
terms  of  gaUotannie  acid. 

\  AJ.UMA. 

Vahnia  is  the  commercial  name  for  the  aeom  cups  of  certain 
species  of  oaks  growing  in  Asia  Minor  and  different  parts  of  (In-fcc, 
of  which  the  most  important  are  Q.  irflilops  and  Q.  mocrolepsis. 

The  best  sorts  arc  gathered  before  the  fruit  is  quite  ripe  in  April, 
those  beaten  from  the  tn«-s  Id  September  and  Oetolx-r  l)eing  jKiorer 
in  tannin. 

The  cups  (containing  Hit-  acorns)  are  first  partially  dried  on  the 
ground  and  then  conveyed  by  mules  to  Smyrna,  where  they  are 
sttired  in  warehouses  until  slight  fermentation  sets  in  and  causes  the 
acorns  t(»  fall  from  the  cups. 

If  exposed  to  raiin  after  gathering,  the  acorn  cups  turn  black  and 
lose  a  considerable  amount  of  tannin  by  fermentation. 

As  met  with  in  commerce  valonia  consists  of  semi-eircluar  prickly 
backed  cups,  about  50  mm.  in  dianu'ter  (see  Fig.  2H). 

The  amount  of  tannin  they  contain  varies  greatly  with  the  district, 
species  of  oak  and  tinte  of  collection,  but  usually  range*-  '>■  n-  ■(•"■••! 
20  to  45  per  cent. 

The  following  |>ercentages  have  been  recorded  ittlrr  tmu  -.  j..} 
(Handlkf);  38  (Gallmv) ;  22.6-39.2  (Roihe) ;  and  31.O  to  35.64 
iSimmtfl). 

Kilurr  ^  examined  eighteen  samples  of  different  origin  <>l  ih< 
harvest  of  iHH<),  and  foimd  them  to  yield  fn»m  42.4  to  51.9  |Kr  iint. 
of  total  extract,  i  .6  to  3  per  cent,  of  siiluble  ash,  and  21.28  1030.2  j>er 
(*ent  of  tannins. 

The  Ix'st  valonia  is  that  obtained  from  Smyrna,  the  Creek  and 
Albanian  prtNlucts  In'ing  held  in  nuich  smaller  esteem. 

In  1852  the  prices  |>er  cwt.  were  as  follows  :  Smyrna,  14.V.  ti»  i5#.  ; 
Morea,  io«.  to  I2«. ;    and  Camata.  14s.  to  Uut.  (Tomlinaon).    The 

*  Arfk.  itr  Pkarm  .  '      ^        \\i\.  iv,  ^  Der  Oerbtr,  1SS7,  \ 
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prices  given  by  Procter  in  1885  were  considerably  higher,  viz., 
Smyrna,  12s.  bd.  to  2o».  6rf.  ;  Morea.  105?.  uif.  to  \'^n.  6d.  ;  and 
C'aniata,  15s.  to  ii)j».  jK-r  cwt. 

THE  TANNIN  OF  VALONIA.  This  apiK-ars  t«»  hv  mainly  ellagi- 
tamiic  at'id.  judyiii^  by  the  results  of  lioitiuger*  who  extracted  the 
tannins  from  valonia,  divi-divi,  and  alpirobilhi,  and  prepared  the 
acetyl  drrivativc  of  each.     The  amount   of  acetvl   in   the  valonia 


FiQ.  28.     Valonia. 


tannin~(44.i  per  cent.)  wa.s  nearly  the  same  as  that  of  divi-divi 
(43. iq  per  cent.)  and  algarobilla  (43.9  i>er  cent.),  and  hence  Bottinger 
concluded  that  the  preparations  were  identical  in  composition. 

In  the  calorimetric  estimation  of  the  amount  of  tannin  in  terms  of 
gallotannic  acid  we  found  the  solution  yielded  a  much  bluer  tinge 
than  the  standard  solution  of  gallotannic  acid,  and  it  was  nccessar>' 
to  add  a  slight  trace  of  an  aniline  colour  to  the  latter,  in  order  to 
match  the  tint.  In  duplicate  determinations  we  found  (i)  59.1  per 
cent,  and  (2)  57.5  \ycT  cent.  The  amount  found  by  Procter" s  hide 
powder  method  was  20  per  cent.,  so  that  the  tannin  in  valonia 
appears  to  have  a  greater  tinctorial  value  than  gallotannic  acid. 

•  Ber  d.  d.  CKtm.  Ges.,  1884,  xvii,  1503. 
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The  nitrate  from  the  hide  powder  contained  iron-colouring  sub- 
stances (f^llic  acid),  corresponding  to  2.5  per  cent,  of  gallotannic  acid. 

Ink  from  I'nhmia.  Vulonia  yields  a  very  rich  blueish  black  ink,  and 
appears  to  us  to  be  a  ver>'  suitable  raw  material  for  the  manufacture 
especially  if  used  in  admixture  with  (.'liint>se  gtdls. 

The  deposits  yielded  by  the  ink  on  ex[>osure  to  the  air  are  \'  r\ 
similar  to  those  given  by  gall  or  divi-disi  inks.  Thus  the  de}M»ii« 
examined  by  us  contained  from  1 1 .5  to  12.8  per  cent,  of  iron  oxide. 

Oak-Bark  Tannins. 

Owing  to  the  fact  that  infusions  of  oak  bark  give  a  blue  coloration 
with  iron  salts  the  tannins  present  were  formerly  regarded  as  identical 
with  gallotannic  acid.  This  error  was  flrst  |)ointed  out  by  Stetthouse,* 
who  showed  that  an  infusion  of  oak  bark  differed  from  a  solution  of 
gallotannic  acid  in  not  yielding  gallic  acid  or  pyrogallol. 

In  1867  Grobmcski  found  that  instead  of  gallic  acid  an  amorphous 
red  compound,  "oak  red,"  was  produced,  which  Elti  ■f  obtained  by 
lH)iling  an  oak  tannin  with  dilute  sulphuric  acid,  and  concluded 
to  l>e  an  anhydride  with  the  formula  iCj^IIjO,  —  IIjO-^  C',4H„0,. 

An  extonde<l  series  of  researches  on  the  oak  tannins  were  then 
made  independently  by  Etii,  by  Lowe,  and  by  lidtlingrr,  but  the  most 
conflicting  results  were  obtained.  Thus  Elii  prepared  an  oak  tannin 
which  did  not  dissolve  in  water  and  gave  a  green  coloration  with  ferric 
salts,  whilst  Lowe  obtained  soluble  tannins  with  the  formula? 
C,,H,,0,4  and  C„H,oOj,,  which  gave  blue  precipitates  with  iron 
solutions. 

Trimble  X  has  given  an  excellent  sununarj*  of  these  diffen-nt 
results,  though  without  succeeding  in  reconciling  them.  He  himself 
lias  made  numerous  prepamtions.  and  has  found  the  average  com- 
{Kisition  of  nine  of  these  to  be  as  follows  :  Carbon,  59.79  ;  hydrugi*n. 
5.08  :  and  oxygen,  33.13  \yvr  cent. — results  which  correspond  bi^t 
with  the  formula  of  Klli's  tannin,  r„ll„0,. 

In  Trimble's  opinion  there  is  no  question  but  that  oak  tannins  give 
green  coloratiims  with  iron  salts,  and  he  attributes  the  blue  fx>lora- 
tions  given  by  oak-bark  infiisions  to  the  presence  of  an  luisoeiatcd 
colouring  matter.  In  the  case  of  the  chestnut  oak  he  se|Mtrated 
this  '^  iron-blueing  "  com|)Oimd  by  first  precipitating  the  oak  tannins 
with  basic  lead  ac<-latc. 

REACTIONS  OF  OAK  TANNINS.  On  heating  oaklmrk  tannins 
to  190"  ('.  catcch«)l  is  formed  as  the  main  deconi|M>sition  prtnluct. 
whilst  on  fusion  with  caustic  alkali  prottMnitechuic  ariil  is  obtninrd. 

*  Mmn.  Cktm,  8oe„  1843.  i.  140.  f  Mo»auk,J.  Vktm..  is.>v..  i.  .v.>. 

X  TKt  Tanmins,  ii,  p.  90. 
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The  colour  reactions  var>'  greatly  with  the  species  of  oak  whence 
the  tannins  were  derived,  which  is  evidence  that  they  are  not 
identical. 

Trimble  *  K'vtJ,  the  following  table  of  the  reactions  of  the  tannins 
sefmnited  from  two  species  of  oak  bark  compared  with  those  given 
by  gallotannic  acid : 


Hngent. 

lengllahoak. 

iBdUnoak, 

Gallotanoie 

Q.  nbmr. 

Q.  *e$$H(jlora, 

acid. 

Coppor  nIplMta. 

Prwiplute. 

_ 

No  precipiute. 

Coppar  Mlplute  + 

Bed  bn>wn  preci- 

— 

Brown  precipi- 

■■■mala 

pilate. 

ute. 

StsMMMi    eblortde 

▼iote  eokmr. 

Yiolet  eoloor. 

Sli^rht  gnm 

madHCL 

eolonr. 

Soitom  sulphite. 

Pink  coioor. 

Yellow  colour. 

Slight  pink 
eolonr. 

Bmalae  water. 

Yellow  precipitate. 

Yellow  preeipi- 
tate. 

Ko  precipitate. 

roTie  cbloridei 

Btae  grcaa  eokmr 

Oreea  eolonr  and 

Blue  eolonr  and 

precipiute. 

piute. 

rerrte  chloride  + 

Purple  hrowB  pre- 

Purple brown 

Purple  precipi- 

aauwiala. 

cipitate. 

precipitate. 

ute. 

Blue  green  eolonr 

Green  eolonr  and 

Bine  oolonr  and 

•olphate. 

and  Kreen  preci- 
pitate. 

precipitate. 

precipitate. 

Ltee  water. 

Precipitate  tominsr 

Precipitate  tnia- 

Precipiute  turn- 

piuk. 

insr  pink. 

ing  blue. 

AMOUNT  OF  TANNINS  IN  OAK  BARK.  Procter  gives  the  pro- 
portion of  tannins  in  Euroiwan  oak  bark  as  lo  to  12  per  cent.,  whilst 
Trimble  f  found  the  bark  of  different  species  of  American  oaks  to 
contain  from  4,04  to  14.21  percent.,  whilst  an  English  oak  bark  gave 
12.37  per  cent,  calculated  on  the  dr>-  substance. 

The  chief  species  of  oak  from  which  the  commercial  bark  is  derived 
are  Q.  pedunculata,  sessiflora,  and  rubescens,  the  first  of  which  usually 
contains  more  tannin  than  the  others. 

Eitner  X  has  shown  that  the  amount  of  tannin  varies  with  the 
season.  Thus  in  the  case  of  the  bark  from  Q.  pedunculata  he  obtained 
the  following  results  :  April,  14.80  ;  Bffay,  10.71  ;  June,  12.33  ;  July» 
9.8.  ;  and  August,  11.23  P^r  cent. 


*  loc.  dt.  ii.  p.  48. 


t  Ihid. 


X  Dtr  Oerber,  iv,  85. 
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Wrisa  ♦  analysed  commercial  <Mik  barks  of  different  origin  with  the 
following  results  : 


Origin. 

TaantB. 
Pereeot. 

Aah. 
IVrenit. 

Hungarian  (3) 
German  (3) 
French  (3)  . 
Paninh  (3)  . 
Swedish 
Average  . 

10.36-13.47 
11.87-  16.18 
13.82-  16.22 
13.86-  16.22 
12.02-  14.59 
•350 

5^68- 7  3« 
6.27-8.52 

6. 14  -  7.77 
6.66  -  7.81 

5-55 -7.05 
6.82 

INK  FROM  OAK  BABK.    Strnhouae  (loc.  cii.)  found  that  a  good 

bluc--hlack  ink  ciuild  lu>  prc-parcd  from  an  infii.sion  of  oak  bark,  in 
which  respect  it  <lifrfr(Ml  from  the  infusions  of  kino,  larch,  and  alder 
barks,  which  oidy  gave  green  colorations  with  iron  .salts. 

According  to  Prechtl,'f  oak  bark  was  used  fifty  years  ago  in  conjunc- 
tion with  other  substances  in  the  manufacture  of  ink.  Thus  he  gives 
the  following  formula  for  the  preparation  of  ink  fn>m  oak-bark  galls 
and  Knoppem  :  Galls  9  lbs.,  logwocMl  1 1  lbs.,  rasped  oak  bark  S  lbs., 
Knopi)ern  6  lbs.,  gum  2  lbs.,  ammonium  chloride  |  lb.,  infused  in  40 
quarts  of  water  and  24  quarts  of  vinegar,  and  the  infusion  mixed  with 
ferrous  sulphate* 

Since  the  pure  oak  tannins  are  '*  iron-greening  "  substances,  whilst 
the  blue-black  colour  given  by  oak-bark  infusions  with  iron  salts  is 
only  due  to  the  presence  of  an  asstjciated  substance  {vide  supra),  the 
use  of  oak  bark  for  ink  is  not  cconomieal.  More<Jver,  ink  prepared 
exclusively  from  the  infusion  has  l>een  shown  by  Schliittig  and  Seu- 
mann  %  to  be  somewhat  less  stable  on  ex|)osurc  to  light  and  air  than  the 
inks  from  galls,  divi-divi.  or  ciilirr  substances  containing  *' iron-blur- 
ing'*  tannins. 

(i  \i  M)i  \NMc  Acin. 

The  tannin  which  is  Inst  known  is  that  contained  in  galls,  and  to 
this  the  name  of  gaUolannic  acid  has  been  given  to  distinguish  it  from 
qurrritannic  acid  and  other  tannins.  It  is  present  in  Alep|Hi.  Chinese, 
and  Japanese  galls  an<l  in  Kmipprrn,  and  has  also  been  identified  in 
sumach,  myrobalans,  and  algarobilla. 

Pelouzfl  pre|>ared  gallotannic  acid  by  extracting  powdered  gall 
with  ether  containing  water,  and  showed  that  on  ex{)osurc  to  the  air 
in  an  aqueous  solution  it  gradually  yielded  an  insoluble  deposit  <  on- 
sisting  mainly  of  gallic  aci«l. 

•  IhrOerber.  1885.  ii.  181.  t  Tx-kn.J.  h'nrvrlap..  1852.  x,,...  ^--.. 

X  Di*  Mi*mgattuati$ttfm.  p.  3.S.  $    Inn.  ihrm.  /'A'trm..  1833.  lir.  337. 
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Streckrr  *  canie  to  the  conclusion  that  gallotannic  acid  was  a 
fjlucoside,  which  was  decomposed  on  fermentation  in  acrnrH.-iiu-c 
with  t lie  equation 

Cu»t»On  =  C,H„0,  +  2C,4H,oO,  -  H,0 

Otaeoaide.         DeztitMe.       Tannic  add. 

Subsc<iucntly  it  was  shown  by  Schijf^  that  jHTfcctly  pure  gallo- 
tannic acid  was  free  from  dextrose,  and  was  an  anhydride  containing 
two  gallic  acid  groups,  i.e.,  digallic  anhydride.  In  his  opinion  the 
<lextn>se  in  Sirecker's  preparation  was  originally  present  in  the  galls, 
and  had  been  extracted  simultaneously  with  the  tannic  acid. 

Trimble  X  concludes  that  although  gallotannic  acid  can  be  so 
purititul  as  to  be  eventually  only  digallic  anhydride,  it  is  rarely  if  ever 
met  with  in  that  state  in  the  "  pure  "  article  of  commerce,  which 
contains  variable  amounts  of  dextrose  in  a  loose  state  of  combination 
In  his  opinion  the  commercial  article  must  be  regarded  either  as  a 
glucoside  of  digallic  acid,  or  as  a  mixture  of  the  glucoside  and  of  the 
pure  anhyclride. 

Schiff  (loc.  cit.)  prepared  a  pentacetyl  derivation  of  gallotannic 
acid,  which  melted  at  137°  C,  and  had  a  composition  agreeing  with 
the  formula  C\,Hj(CjH30)5  O,. 

This  compound  was  insoluble  in  water  and  cold  alcohol,  and  gave 
no  coloration  with  iron  salts. 

The  following  constitutional  formula  represents  this  view  of  the 
formation  of  a  digallic  acid  by  the  condensation  of  two  molecules  of 
gallic  acid,  with  the  loss  of  one  molecule  of  water  : 


HC  /\  CH  HC  (^\  C .  OH 


1 


OH.C'v^yC.OH  COOH.C'y^C.OH 

C.OH  CH 

Sierenstein  §  obtained,  by  the  acetylation  of  tannin,  two  distinct 
pentacetyl  derivatives.  One  of  these  he  regarded  as  a  derivative  of 
true  tannin  (digallic  acid)  with  the  formula  given  to  it  by  Schiff,  while 
to  the  other,  which  he  termed  leucotannin,  he  assigned  the  formula 


OH.C.  y 

C.OH 

•  Ann.  Chem.  Pkarm.  1854,  xc,  238.  f  Ibid.  1873,  clxii,  43. 

:  Th':  Tfinnin.^.  i.  p.  29.  §  Ber.  d.  d.  Chem.  Oet.,  1908,  xli,  78,  3015. 
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Thb  formula  shows  an  asymmetrical  carbon  atom,  CH(OH).  As> 
Burning  commercial  tannin  to  consist  of  a  mixture  or  compound  of 
these  two  substances  we  should  thus  have  an  explanation  of  its 
optical  activity. 

Feist  *  extracted  Turkish  galls  with  ctiloroform,  benzene  and  ether, 
and  separated  from  the  extract  a  compound  which  he  termed  gluco- 
gallic  acid.  This  melted  at  233"  C,  had  a  molecular  weight  of  315 
and  specific  rotation  in  acetone  solution  of  [a]o  —  +10.6*'.  It  was 
a  monobasic  acid  and  on  hydrolysis  with  dilute  acid  yielded  10  per 
cent,  of  gallic  acid  and  30  per  cent,  of  dextrose.  It  had  no  action  on 
Fehling'$  solution.  When  dried  in  vacuo  its  elementary  oonqKWtion 
was,  Cj,II,^Q,,  and  the  following  constitutional  formals  was  attri- 
buted to  it. 


OH.C      <r 

OH.C>(        ^CH 

HC       C 


/ 

The  residue  left  from  the  extraction  of  thr  j;!«ll>  \v;is  t;n4iim.  On 
hydrolysis  it  yielded  gallic  acid  and  dcxtrost-,  Jind  had  an  optical 
rotation  of  \a\^  ->  2S.6  in  acetone  solution.  Its  molecular  weight 
lay  between  522  and  74O,  while  that  of  the  tannin  from  Chinese  galls 
ranged  from  879  to  1045.  as  determined  by  the  increase  in  the  boiling- 
point  of  an  acetone  solution. 

///in  t  obtained  various  comiMurnds  by  fmctionally  precipitating 
with  chloroform  soluticms  of  tannin  in  alcohol,  ether  and  ethyl 
acetate.  The  optical  rotation  was  taken  as  the  criterion  of  purity, 
the  highest  value  obtained  being  +76.5".  From  the  analyses  lljin 
drew  the  c<mclusion  that  none  of  these  preparations  was  identical 
with  digullic  acid,  which  NfoneiMtetn  regarded  as  identical  witli 
tannin. 

Hrrzig  and  lirnnrr  X  prepared  methylo-tannin  from  pure  tnimin. 
The   M|H'cilU-   rotation   ranged   from   [a)o  -  7.0"   to    16.03*'.      When 

*  Arth.  Pkarm.,  1912.  ccl.  (y>H.      f  Btr.  if.  d.  Ckm.  Ott,,  1909.  xUi.  >73- 
'    I  McmcOak.  Cktm.,  1909.  ux*  543- 
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boiled  witli  |)«tassium  hydroxide  it  yielded  the  triethyl  and  diethyl- 
esters,  the  mixture  of  which  was  optically  inactive. 

The  methoxyl  content  of  methylated  gluco-gallic  acid  was  found 
by  Feist  and  Ilahn  *  to  correspond  to  a  compound  containing  one 
niolfinile  of  dextrose  and  eleven  or  twelve  molecules  of  gallic  acid. 

FERMENTATION  OF  OALLOTANNIC  ACID.  Chevreul  showed 
that  by  keeping  a  solution  of  gjillotannie  acid  in  a  sealed  tube  so  as 
to  exclude  atmospheric  oxygen,  it  remained  unchanged  for  an 
indetinite  period. 

It  has  fretjuently  been  asserted  {e^.,  by  Viedt,  p.  37),  that  the  con- 
version of  gallutannic  acid  is  due  to  the  action  of  an  oxidising  enzyme 
in  the  gjills.  It  was  shown,  however,  by  van  Tieghem  f  that  this  was 
not  the  case,  but  that  the  spontaneous  change  was  due  to  the  action 
of  two  mould  fungi,  Penicillium  glauntm  and  Aspergillus  niger  in  the 
presence  of  air.  By  inoculating  solutions  of  gallotannic  acid  with 
the  spores  of  these  fungi,  he  was  able  to  effect  a  complete  conversion 
of  that  substance  into  gallic  acid  in  a  few  days.  The  fermentation 
only  took  place  within  the  liquid,  for  when  there  was  only  a  surface 
growth  a  very  small  amount  of  gallic  acid  had  been  produced  after 
several  days'  vigorous  fermentation.  From  the  results  of  Sacc^s  J 
experiments  it  would  seem  that  ordinan^'  yeast  also  possesses  the 
hydrolysing  property  of  these  two  mould*fungi. 

The  tannic  acid  fermentation  has  recently  been  investigated  by 
Knudson,^  who  has  found  that  solutions  of  tannic  acid  are  poisonous 
to  many  mould  fungi,  the  only  ones  found  capable  of  growing  in  10 
per  cent,  solutions  of  gallotannic  acid  being  Aspergillus  flavus,  A. 
niger,  A.  oryzce,  and  Penicillium  species. 

The  fermentation  protiuced  by  A.  niger  was  more  vigorous  than 
that  caused  by  Penicillium  species.  The  addition  of  cane  sugar  pro- 
tected the  tannin  from  hydrolysis,  but  the  presence  of  10  per  cent, 
of  cane  sugar  did  not  inhibit  the  secretion  of  the  specific  enzyme, 
tannase.  by  A.  niger  though  it  did  to  some  extent  that  of  Penicillium. 

The  tannase  secreted  by  A.  niger  was  either  more  active  or  pro- 
duced in  greater  quantity  than  that  of  Penicillium.  The  secretion  of 
the  enzyme  in  all  the  mould  fungi  was  stimulated  by  the  presence  of 
tannic  aiul  gallic  acids. 

PROPERTIES  OF  GALLOTANNIC  ACID.  Gallotannic  acid  i.^  a 
yellowish-white,  glistening,  amor])hous  powder,  which  is  readily 
soluble  in  water,  alcohol,  and  ether. 

When  heated  with  dilute  acids  (Stenhouse)  or  fermented  {vide 
supra)  it  takes  up  water  and  is  converted  into  gallic  acid,  whilst 
when  boiled  with  alkaline  solutions  it  yields  gallic  and  ellagic  acids. 

•  Arrh.  Pharm.,  1913,  cell.  468.  f  Compleg  Rendus,  1867,  Ixv.  1091. 

X  Pjid.  1871,  Ixxii,  766.  §  Joum.  Biol.  Chem.,  1913,  xiv,  159. 
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When  heated  alone  to  160"  C.  it  is  decompcwed  and  yields  a  Huhliniate 
of  pyrof^alloi  (see  p.  42).  On  reduction  with  zinc  pow(1<  r  it  \  iclds 
diphcnylmcthane  (Niermstein). 

(tullotnnnic  acid  pvos  dark  violet  or  blue  preoipitatcn  with  iron 
saltK.  It  is  preci|>itatcd  quantitatively  by  lead  salt.s.  with  whieh  it 
yields  white  eompounds,  and  it  forms  white  unstable  gelatinous  pre- 
cipitates with  antimony.  It  eombiiies  with  gelatin  to  form  uii  in- 
soluble compound  (leather). 

Gallic  Acid. 

Gallic  acid  (C-IIgOj  i-  iljO),  which  was  discovered  by  Scheele,  is 
present  naturally  in  small  pro|>ortion  in  various  vegetable  substances, 
such  as  tea,  g'^lls,  and  myrobalans  (alMiut  i  |M'r  cent.). 

It  is  obtained  from  gallotannic  acid  by  fermentation  with  crertain 
mould  fungi  (p.  59),  or  by  the  hydrolysing  action  of  dilute  acids  : 

C,4H,„0,  +  H,0  =  2C7H,Os. 

Its  constitutional  formula  shows  that  it  may  1m*  regarded  as  ben- 
zoic acid,  in  which  three  atoms  of  hydrogen  are  replaced  by  hydroxy  1 
groups  : 

C,H,(0H)3.COOH  -J-  H,0. 

PROPERTIES.  Gallic  acid  crystallises  in  white  silken  needles, 
wliich  melt  above  200°  C.  It  is  much  less  Miluble  in  water  than  is 
gallotannic  acid,  i  part  requiring  130  parts  at  i  2.3°  C  to  bring  it  into 
solution. 

It  is  more  soluble  in  absolute  alcohol,  100  parts  of  which  ;i: 
dissolve  27.95  parts,  whilst  100  parts  of  ether  at  the  same  teuijicra- 
ture  only  dissolve  2.5  parts. 

When  heated  alone  to  about  215°  C  it  is  decom|>osed  with  the 
formation  of  pyrogallol  (C,II,  .  (OH),)  and  water. 

When  heated  with  sulphuric  acid  at  100°  C.  it  gives  off  red  vapours 
of  rungallic  acid,  whilst  under  the  influence  of  arsenir  i\v'u\  n\  n  hitrh 
tem|)erature  it  yields  ellagic  acid. 

It  combines  with  alkalies  to  ftmn  salts,  which,  in  alkaluie  snlnt  i<  n. 
absorb  oxygen  from  the  air  and  turn  brttwn. 

Ferric  salts  are  reduced  by  gallic  acid  with  the  formation  of 
blue-black  com)M)unds  containing  iron  in  the  ferrous  condition 
(Vhevreul). 

Ferrous  sulphate  free  f^m  ferric  salts  gives  no  coloration  with 
gallic  acid,  but  ferric  sulphate  gives  a  blue  colour  and  eventually 
a  precipitate  {Wackrnbrodrr). 

Unlike  tannic  acids,  gallic  acid  yields  no  insoluble  compouo'l  \Mt  h 
gelatin. 
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Vuriouii  formula-  fur  tin-  pri'paratiun  of  ink  from  gallic  acid  are 

j»iN«ii  iin  pp.  S7    S8. 

REACTIONS  DISTINGUISHING  BETWEEN  GALLOTANNIC  AND 
GALLIC  ACIDS.  It  has  been  generally  aeeepted  that  tannic  aeid 
gives  hluck  precipitatfs  with  ferric  salts,  and  uo  coloration  with 
fernms  salts,*  but  liunssf  has  shown  that  these  statements  are  in- 
correet .  He  has  found  that  tannic  aeid  gives  a  black  precipitate  with 
ferric  acetate,  and  a  black  precipitate  or  coloration  with  ferrous 
acetate. 

Moreover,  he  has  also  proved  that  on  adding  a  solution  of  a  ferric 
Milt  drop  by  drop  to  a  solution  of  tannic  acid  only  a  dark  coloration 
(and  no  precipitate)  is  obtained,  the  iron  tannate  being  readily  soluble 
in  an  excess  of  tannic  acid.  Since  gallic  acid  behaves  in  the  same 
way.  a  dark  colonition  with  ferric  salts  is  inconclusive. 

Huoss  has  therefore  devised  the  following  two  requests,  which  he 
lias  found  to  be  both  characteristic  and  very  sensitive  : 

Ruoss^s  Reagrnt  I.  (i)  solution  of  20  grms.  of  ferric  sulphate 
|)er  litre  ;  (2)  solution  of  28  grms.  of  crj-stallinc  sodium  carbonate 
per  litre  ;  (3)  acetic  acid  (sp.  gr.  1.04),  containing  5  grms.  of  sodium 
tartrate  per  litre. 

The  tannin  solution  is  diluted  to  such  an  extent  that  on  adding  the 
ferric  sulphate  solution  drop  by  drop  it  still  remains  slightly  trans- 
parent wlien  the  maximum  colour  has  been  reached.  About  10  c.c. 
of  such  a  solution  are  treated  with  the  iron  solution  (i ),  which  is  added 
drop  by  drop  until  the  colour  ceases  to  become  darker.  The  same 
number  of  drops  of  solution  (2)  are  then  added,  and  twice  that  quan- 
tity of  solution  (3).  When  the  liquid  is  shaken  and  allowed  to  stand 
a  black  precipitate  is  obtained  in  the  case  of  tannic  acid,  whilst  gallic 
acid  yields  no^uch  precipitate. 

The  reaction  is  capable  of  detecting  0.00 1  per  cent,  of  tannic  acid. 

Ruoss's  Reagent  II.  ( i )  a  solution  of  10  grms.  of  ferric  sulphate  + 
15  grms.  of  sodium  acetate -»- 1.7  grms.  of  sodium  tartrate  per  litre  ; 
(2)  a  solution  of  1.25  grms.  of  gelatin  in  125  c.C.  of  hot  water,  made 
up  to  a  litre  with  glacial  acetic  acid  (sp.  gr.  1.064). 

Ten  c.c.  of  the  tannin  solution  are  treated  with  solution  (i).  added 
drop  by  drop  until  the  colour  ceases  to  darken,  and  then  with  the 
same  (}uantity  of  solution  (2).  After  being  shaken  and  left  for  some 
time  a  H«x*culent  blue-black  precipitate  indicates  tannic  acid. 

Rouss's  Oxidation  Reaction.X  One  drop  of  the  ferric  sulphate 
solution  (20  grms.  per  litre)  is  added  to  10  c.c.  of  the  tannin  solution, 
diluted  as  required  in  the  test  with  Reagent  I.     A  |)ermanent  dark 

*  E.g.  Schluttig  and  Neumann,  lor.  eil.  p.  i8. 

t  Zfif.  anal.  Chrm..  icmjj,  xli.  725.  %  lot.  cit.  ]<■  7JJ 
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coloration  is  obtained  with  tannic  acid,  whilst  fnil''''  '  "  <* 

bhick  coloration,  immediately  changing  to  yellow. 

If  ferric  acetate  be  used  instead  of  ferric  sulphate  iiu  ii.ii»v  <  'm<  i  i 
tion  is  permanent  with  gallic  acid  as  well  as  with  tannic  acid. 

GrUtsmayrr's  Reaction  *  for  tannic  acid  consi.st.s  of  adding  one 
drop  of  a  solution  of  tannin  to  a  ver>'  dilute  solution  of  iodine.  The 
liquid  becomes  colourless,  and  on  now  adding  a  drop  of  a  dilute 
solution  of  ammonia  a  blood-red  colour  is  produced. 

Ruoss  has  pointed  out  that  the  reaction  is  also  given  by  gallic  acid, 
and  is  therefore  inconclusive. 

Hifdrogeu  Peroxide  as  a  Reagent.  It  was  found  by  Mitchell  an<l 
Ileinvorth  that  on  adding  hydrogen  peroxide  to  a  solution  containing 
tannin  and  ferrous  sulphate,  there  is  an  immediate  black  precipitate, 
the  tannin  being  precipitated  quantitatively,  or  nearly  so,  as  a  basic 
tannate  ;  whereas  gallic  acid  treated  in  the  same  way  yields  a  dark* 
brown  solution,  but  only  a  slight  trace  of  any  insoluble  com|K)und. 
The  precipitates  yielded  on  ignition  from  30  to  34.5  per  cent,  of  ferric 
oxide,  and  thus  approximated  in  composition  to  one  ot  Ruoat'M  basic 
tannates  (p.  70). 

We  attempted  to  base  a  quantitative  method  of  separating  tannin 
on  this  reaction,  but  were  unable  to  obtain  conconlant  results. 

*  CUaaen,  Handbueh  der  quat.  Anal.,  p.  163. 


CHAPTER  III. 
NATURE  OF  INKS. 

CoxTKTTS. — Constitution  of  ink-fonning  sabstances  :  Influence  of 
light  and  air  :  Iron  taniiatM  :  Eridenoe  of  an  int^nne<iiat<>  blue  iron 
oxide  :  Tannatcs  of  iron  :  Basic  salts  :  Changes  in  ink  on  keeping  : 
Methods  of  estimating  tannates  :  Procter's  method  :  Jackson's  lead 
carbonate  method  ;  Kuoss's  forrio  sulphate  method  :  Titration  with 
crii.iy  r  -nlpliate  ;  with  iodine  :  Colorimetric  methods  :  Hinsdale's 
method  :  Mitchell's  colorimetric  method  :  Ammonium 
II  method   :    Extraction   with  ethyl  acetate    :    Extraction 

apparatuH. 

CONSTITUTION  OF  INK-FORMING  SUBSTANCES.  The  property 
possessed  by  gallie  and  tannie  acids  of  forming  blue  compounds  with 
ferric  salts  was  attributed  by  Schiff  *  to  the  presence  of  free  pheno- 
loid  hydroxyl  groups,  to  which  is  also  due  the  analogous  colorations 
obtained  with  other  compounds  of  the  aromatic  series. 

Thus,  when  a  coloration  is  obtained  with  ferric  chloride  the 
presence  of  a  free  hydroxyl  group  may  be  inferred,  and  mee 
versa. 

For  instance,  a  violet  coloration  is  given  by  phenol,  salicylic  acid, 
phenyl-sulphonic  acid,  &c. ;  a  blue  coloration  by  gallotannic  acid, 
gallic  acid,  p^Togallol,  arbutin,  and  many  derivatives  of  tannic  acid  ; 
a  green  colour  by  many  tannins,  aesculetin,  and  paracsculetin  ;  a  red  or 
reddish-violet  colour  by  phloridzin,  tyrosin,  &c.  ;  whilst  no  coloration 
is  obtained  with  picric  acid,  dinitro-hydroquinone,  acetylgallic 
acid,  &c. 

Schiff  also  came  to  the  conclusion  that  the  intensity  of  the  colour 
stoo<l  in  relation  to  the  number  of  free  hydroxyl  groups,  the  sub- 
stances giving  violet  colorations  containing  only  one  free  hydroxyl, 
whilst  deep  blue-black  colorations  were  produced  by  com{K)unds  con- 
taining   several    free    hydroxyl    groups.    Thus,    phenyl-sulphonic 

/OH 
acid,    C'-H.^  gives  a  violet    colour,    whilst    gallic    acid, 

\S0,.0H 
C,H,(On)3  CCK)H,  gives  a  blue-black  colour. 

Schiff  s  work  was  extended  in  a  special  direction  by  Kostanecki,f 
who  investigated  the  relation  between  the  constitution  of  certain 
organi^^  (Ivrv^tuffs  and  their  tinctorial  properties.     He  found  that 

•  Ann.  Chem.  Phartn.,  i87i,clix,  164. 

t  Ber.  d.  d.  Chem.  Ota.,  1887,  xx.  3146. 
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phcnoloid  colouring  matters  combine  with  oxide  mordants  when  they 
possess  two  hydroxy!  groups  in  the  ortho  position. 

In  a  subsequent  conununication,  Kostanecki  *  gave  the  name  of 
*'  tinctogen  group  "  to  that  atomic  grouping  which  enables  dyestulTs 
to  combine  with  oxide  mordants. 

The  further  question  of  the  formation  of  permanent  '*  inks  "  upon 
vegetable  fibres  was  thoroughly  studied  by  Schluttig  and  Srumann.^ 

In  order  to  determine  wliether  any  phenol  com|)ound  giving  an 
intense  coloration  with  iron  salts  was  suitable  for  ink,  they  made  a 
series  of  tests  in  which  each  substance  was  dissolved  in  water  (with  a 
little  alcohol  if  rccpiired),  and  then  treated  with  the  same  proportion 
of  a  solution  of  ferrous  sulphate. 

The  liquids  were  allowed  to  run  down  white  pai)er  stretched  at  an 
angle  of  45°,  so  as  to  form  stri|)es  3  to  0  mm.  in  breadth  as  in  their 
'•  Stripe  test  "  (p.  124),  which  were  then  allowed  to  dry. 

In  the  case  of  phenol,  resorcinol,  hydroquinone,  phloroglucinol, 
orcin,  triacetylgallic  acid,  trimcthyl-p>'Togallol,  and  some  other  com- 
pounds, nothing  but  a  faint  yellow  stain  <!u<-  »"  i-",.!!  ,.vi,«..  ^..^  ..».. 
tained. 

On  the  other  hand,  dark  violet  coloratJunN  i>i  xaiNing  iikciimiv 
were  given  by  gallic  and  tannic  acids,  pyrogallol-carl)oxylic  acid, 
methyl  and  ethyl  esters  of  gallic  acid,  potassium  pyrogallol-sulphon- 
ate,  and  haMuatoxylin. 

From  these  and  similar  ex|)eriments  Schlutlig  and  Nrumatm 
established  the  fact  that  in  order  to  yield  colours  forming  a  permanent 
ink  on  paper,  the  compound  must  contain  three  hydroxyl  groups  in 

juxtaposition.     For  instance,   hydroquinone   C,H4^  f 

yield  an  ink,  whilst  ha>matoxylin  and  gallic  acid,  each  of  which  eon- 
tains  three  adjacent  hydroxyls. 


C,H,(0H)3  1  OH  (I) 

1  OH  (2) 

OH  (3) 

OOH 


C.H4  CM  O 

I  [Ci 


C',H.(OH), 

Hvinattisylln,  Oallir  arht. 

give  permanent  colorations. 

The  colour  proiluced  by  the  other  substanc<>s  were  as  resistant  to 
the  action  of  water,  and  in  some  eases  (r.^.,  esters  of  gallic  acid  and 
ha>matoxylin)  more  resistant  than  tin-  onliiiary  inks  of  gallic  and 
tannic  acids. 

iitftueuce  oj  Light  ami  Air.  On  fX|M.sii);r  stains  given  by  the 
different  com|>ounds  that  fornuMl  inks  for  six  \\<«  ks  to  the  action  of  a 

•  Btr.  d.d.  Chfm.  Oe*.,  1888, 3113.  footnote,     f  Di«  KitrngaUtutimtfm,  p.  10. 
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current  of  air  and  bright  sunlight,  the  following  results  were 
observed  : 

Completely  bleached.  Colours  of  paroxybenzoic  acid  and  ortho- 
carljoxylic  airid. 

Yellmvish-greif.  Pyrogallol-sulphonic  acid,  tribrompyrogallol,  di- 
hrorn-gallie  acid,  and  tannic  acid. 

Dark-grey.  Monobrom-pilli**  nr'u].  i>\  n>iriillol-c}«rbo\vlif  ju-id,  and 
gallic  acid. 

Dark  broivn.     Pj-rogallol. 

Greenish,  or  Bluish-black.  Pyrocatechin,  protocatechuic  acid, 
methyl  and  ethyl  esters  of  gallic  acid  and  ha?matoxylin. 

From  these  results  it  appears  that  the  inks  of  tannic  and  gallic  acids 
are  not  the  most  permanent,  but  are  far  exceeded  in  this  resjiect  by 
logwood  (ha'matoxylin)  and  other  inks. 

The  behaviour  of  tannic  acid  ink  was  remarkable,  for  it  was  the 
faintest  of  the  colorations  in  its  group  ;  whereas  if  the  accepted 
formula,  in  which  there  are  five  hydroxyl  groups,  of  which  three  at 
least  are  adjacent  (see  p.  57),  be  correct,  it  should  have  been  one  of 
the  darkest. 

The  stability  of  the  inks  was  found  to  stand  in  proportion  to  their 
tlarkness  on  exposure. 

SchluHig  and  Neumann  consider  that  these  experiments  show  con- 
clusively that  a  determination  of  gallic  or  tannic  acid  in  an  ink  (as 
prescribed  by  the  German  statute  of  1888,  p.  12),  without  reference 
to  the  presence  of  other  com|)Ounds  of  the  same  character,  is  of  no 
value  as  a  test  of  the  permanency  of  that  ink. 

It  has  been  shown  by  one  of  us  (Mitchell)*  that  this  law  of  atomic 
grouping,  established  by  Schluttig  and  Neumann,  in  the  case  of  iron 
inks,  also  np()lics  to  inks  containinir  ammonium  vanadate  in  place  of 
iron. 

Iron  T annates. 

COBfPOUNDS  OF  IRON  AND  TANNIC  ACID.  Numerous  metallic 
compoiuuls  of  tannif  atid  have  been  prepared,  but  the  iron  salts  are 
of  primary  importanee  in  the  manufacture  of  ink.  Although  nickel, 
cobalt  and  manganese  are  so  closely  allied  to  iron,  it  is  remarkable 
that  none  of  them  forms  an  "  ink  "  with  tannic  acid. 

On  adding  a  ferrous  salt  to  tannic  acid  no  coloration  is  at  first 
protluced,  though  under  the  influence  of  the  atmospheric  oxygen  the 
liquid  speedily  becomes  violet,  then  darkens  into  an  ink,  and  even- 
tually deiMisits  a  violet-black  com|>ound  (vide  infra).  On  the  other 
hand,  when  a  ferric  salt  is  added  to  a  solution  of  tannic  or  gallic  acid 

*  Analpat,  1903,  xxviii,  146. 
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reduction  takes  pince,  and  ferrous  iron  can  be  detectcf!  in  the  liquid 
{('hnri  III). 

EVIDENCE  OF  AN  INTERMEDIATE  BLUE  IRON  OXIDE.     /• 
zelitu  conehnied  tiiat  in  these  changes  a  new  aei<i  of  blue  colour  was 
produced,  hut  Barreswil*  showed  that  the  evidence  |M>inte<l  to  th«- 
presence  of  compounds  of  tannic  or  f^llic  acid  with  an  intcrnu-iiiatt- 
bhic  oxide  of  iron. 

Thus,  on  mixing  ferrous  and  ferric  sulphate,  and  immediately 
placing  the  mixture  in  sulphuric  acid  to  eliminate  water,  a  deep  blue 
mass  is  obtained.  An  evanescent  blue  sulphate  is  also  priMlueed  by 
evaporating  a  solution  of  the  two  sulphates  nearly  to  dn>'nesii. 
Similarly  by  using  crystalline  s(Mlium  phosphate  instead  of  sulphuric 
acid  a  rieep  blue  iron  phosphate  is  obtained.  Barreswil  was  unable 
to  isolate  this  blue  oxide,  but  since  the  purest  blue  colorations  were 
obtained  with  sulphuric  acid,  gallic  acid,  and  sodium  phosphate,  when 
the  mixture  contained  three  equivalents  of  ferrous  salt  to  two  equiva- 
lents of  ferric  salt,  he  inferred  that  the  hypothetical  blue  oxide  had 
the  composition  Fe-O,.  or  3FeO  .  2Fe,0,. 

T  ANNATES  OF  IRON.  In  1 833  Pelouze  f  studied  the  nature  of  the 
compound  formed  on  adding /erne  sulphate  to  a  solution  of  tannin. 
The  precipitate,  when  washed  and  dried  at  120°  C,  yielded  i2.o  per 
cent,  of  frrric  oxide  ( =-   8.4  jjer  cent,  of  iron). 

Wiitstein  %  prepared  a  series  of  insoluble  com|X)unds,  but  there  is 
reason  to  doubt  the  individuality  <»f  some  of  these. 

1.  On  leaving  a  solution  containing  1}  parts  of  tannin  and  one 
part  of ferrouH  sulphate  ex|K)sed  to  the  air  for  a  month,  a  pn^eipitate 
with  8.40  per  cent,  of  ferric  oxide  was  obtained.  This  is  apfmrently 
the  substance  formed  when  ink  dries  on  paper  {Heptcorth  and 
Mitchell,  infra). 

2.  From  a  solution  containing  three  parts  of  tannin  to  one  part 
of  ferric  acetate  a  precipitate  yielding  2<>.i  s  prr  iciit.  of  ferri<  ' 
was  obtained. 

3.  On  diluting  the  dark  blue  solution  a  resinous  precipitate  with 
'3-40  per  cent  ^  of  ferric  oxide  resulletl. 

4.  Tapnin  solution  a<lded  drop  by  dmp  to  ferric  acetate  solution 
gave  a  precipitate  yielding  50  |)er  cent,  of  ferric  oxide. 

5  On  lulding  ferric  acetate  solution  to  a  tannin  solution  the  pre- 
cipitate yielded  2$  per  cent,  of  irtm  oxide. 

Sehiff  i  |M)inted  out  tluit  the  series  of  salts  descrilnfl  by  WitMrin 
might  Im*  grouped  into  two  series,  viz..  those  in  which  the  hydrogen 
In  a  molecule  of  acid  might  be  reganle<l  as  Wing  replaced  by  the 

•  Cample*  ftmHuA,  1843.  xriii.  739. 
t  Ann.  dt  Vkim.  tt  Pkg*..  1833.  Ut.  ^^37. 
I  Jakrtthtr.  der  Ckem..  1848.  xxriii.  ail. 
I  ^nh.  Chem.  PKarm.,  1873,  dxxT.  176. 
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monovalent  (^roiip — [FeO],  and  those  in  which  several  molecules  of 
the  acid  f^radually  replaced  the  hydroxy  I  groups  in  ferric  hydroxide — 
Fc,(()II).. 

Schiff's  Formula;  for  the  Iron  Tannatcs  of  Pclouze  and 
WittsUin* 


Iron 

Ferric  oxlil« 

Ferric  oxiilo 

Formula. 

calculated. 

calculated. 

(<HiU<l. 

Per  cent. 

Per  cent. 

Per  WMt. 

C,,H^FeO)0, 

14.21 

.0.3 

2ai5 
Wilt«tein 

C,.H^FeO"),0, 

3>-36 

44-8  1 

prepared 

C„FUFeO),0, 

36.9s 

52-8  I] 

compounds 

CuH,CFeO),0. 

41.36 

58.99  J 

containing 

Fe(C„H,0,), 

I 

42.8  to  56.3% 

I^c(C,.H,0,), 

5-53 

7-9 

8.4 
(Wittstein) 

8.0D 

"•5 

12.0 

^    /C„H,0, 

(Pelouze) 

X;mH,o, 

^4^.0. 

Fe< 

«o.43 

14.0 

13-4,  149. 

(Wittatein) 

I 

*^c„n,o. 

14.21 

20.3 

120.15 

.  /C„H^, 

(Wittgtein) 

ko 

1 

17-63 

25-2 

25.0 

(Wittgtein) 

5c*ijOr considered  it  doubtful  whether  some  of  If  i7ts/<'in's  gelatinous 
deposits  were  individual  coni|>ound8,  but  at  the  same  time  pointed 

•  See  aluo  a  formula  on  p.  81,  Huffgcstcd  by  Schiff,  which  corresponds  better 
with  tho  amount  of  iron  found  by  WtUsUin,  and  by  Mitchell  and  Heptoorth. 


68  INKS  AND  THKIU  MANUFACTURE 

out  that  the  agreement   bet\stin    tin    tlicoretiral   vahies  and   the 
results  actually  obtained  was  remarkable. 

V^iedt*  stated  that  he  had  prepared  an  iumi  I  iiiii;it<  (.,ni 
1 7.8  grms.  of  iron  to  100  grms.  of  tannin  but  gave  no  detail^ 
analv'Ni.s. 

Schinltifii\tu\  S'eumann's  anti  Mitchell  ami  Ilrp^vorlh' s  f\\H'rinwn\s 
on  the  composition  of  the  spontaneous  de|K>sit  from  a  w»lnt!'->  ■■•" 
ferrous  sulphate  and  tannic  acid  arc  described  at  length  lx-l«*\v 

The  experiments  of  Raschig'f  indicated  that  the  iron  in  iron  tsm- 
nates  was  not  <lirectly  united  to  the  carlM)n  atom,  but  that  it  Uxtk  the 
place  <tfhy(lrit<,'eii  in  the  phenolic-hydroxyl  group. 

IRON  6ALLATES.  Silhernmnn  and  (horovUz  I  concluded  that 
the  interaction  of  gallic  acid  and  ferric  chloride  yielded  a  chloro-ferri' 
gallic  acid,  to  which  they  assigned  the  formula  : 

OH 


/OH 


COOH 


\' 


This  aeid  dissociated  on  standing,  yielding  gallic  acid  and  ferric 
chloride,  and  when  treated  with  ammonia  gave  an  anmionium  salt— 
ammonium  ammonium  oxyferrigallaie  : 


/OH 


HjC      >Fe.OXH, 

\COONil, 

which  was  precipitated  and  then  on  addition  of  excess  of  alkali  was 
rcdissolved,  forming  a  blueish-violet  solution.  Then,  by  adding 
alcohol,  the  hydroxy-ferrigallic  acid  was  precipitated  in  blue  flakes  : 


S^0/ 
\COOH 


which  hatl  liu  s.tii.i  (..iii|>osition  as  the  Mil '-!.<< n  .<      1    .    <.  m^ 

gallic  acid  with  ferric  hydroxide  (infra). 

Ammonium  gallate  solutiotis.  when  shaken  with  ferric  hy«lr«i\ide, 
gave  the  <leep  red  slightly  soluble  salt  «>f  hytlr«>xy-ferrigullie  acid, 
and  this  on  addition  of  annnonia  gave  readily  soluble  ammonium 
ammonium  oxyferrigallate. 

•  DimgUr't  ytifit.  J<mm.,  1875,  ocxvi    , 

t  Zetl.  Lamgtw  Chtm.,  1907,  2063.  ;  t  ktm,  Zemtnibi.,  1908,  U,  1034. 
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The  latter  suit  was  also  |)rt*|>uretl  directly  by  shaking  animoniuin 
gullate  s<ilution  with  ferric  liydroxide  and  aniniunia. 

(Hlier  eom{>ounds  containing  at  least  two  OH-groups  or  one  OH- 
grotip  and  one  COOII-group  in  the  ortho  position  yield  similar 
salts — the  iron-uninionium  c<)ni|M)unds  all  being  soluble  in  water 
(blueish-red  solutions)  and  precipitated  by  alcohol. 

The  tannic  acid  salt  was  insoluble  in  water  containing  lo  per  cent. 
of  alcohol.  .Mkali  carbonates  or  alkaline-earth  hydroxides  could  be 
used  in  place  of  anunonia  in  the  formation  of  these  complex  com- 
|M)un(ls  with  iniri  or  otlur  iiutals. 

INK   FROM   AMMONIUM  AMMONIUM   OXfFERRIGALLATE. 

Thecom|)<>uiid  isolated  by  Silberniann  and  Ozoruvitz  may  be  used  as  a 
writing  ink  in  a  7  to  S  per  cent,  solution.  The  writing  is  violet-black 
at  first,  but  becomes  black  in  a  few  hours,  and  the  deposit  upon 
the  paper  is  sufficiently  oxidised  in  30  minutes  not  to  be  removable 
by  water. 

Basic  Soils.  Ruoss*  described  a  basic  iron  tannate,  consisting 
of  a  prtniously  unknown  ferric  tannate  in  combination  with  ferric 
hydroxide. 

This  was  prepared  by  treating  a  tannin  solution  with  sodium 
carl><)nate  solution,  and  adding  ferric  sulphate  solution  to  the  soluble 
siMliiun  tannate  formed.  The  excess  of  iron  could  be  removed  by 
treating  the  basic  tannate  with  normal  acetic  acid,  leaving  the  in- 
soluble ferric  tannate. 

This,  when  dried  at  100**  to  120"  C,  contained  15.0  per  cent,  of 
iron,  as  against  14.9  per  cent,  required  by  a  tannate  of  the  formula — 

(C14H7O,)  Fe. 

Taking  into  consideration  the  formation  of  other  basic  salts, 
Ruoss  subscfpiently  came  to  the  conclusion  that  it  must  be  regarded 
as  tannin  in  which  the  hydrogen  of  the  carboxyl  group  was  replaced 
by  the  monovalent  group  [FeO],  thus — 

Cx4H909(FeO)  =  Ci4H70,Fe  +  HjO. 

Similar  black  basic  salts,  containing  two,  three,  four,  or  five  atoms 
of  iron  in  the  molecule,  were  prepared,  but  when  more  iron  was  intro- 
duced the  colour  became  brownish-black. 

These  salts  may  be  reganled  either  as  compoimds  of  the  normal 
tannate  (C",4H,0,)Fe,  with  ferric  hydroxide,  or  as  compounds  in 
which  the  gn)up  [FeO]  replaces  hydrogen,  both  in  the  carboxyl  group 
and  in  the  hydroxyl  of  the  ferric  hydroxide,  e.g. — 

{r,4H70,)Fe-|-3Fe{OH),  =  (CuO,H,)(FeO)4  -♦-  3HM. 

*  Zeit.  anal.  Chem.,  1902,  xli.  732. 
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We  give  the  amount  of  iron  in  these  basie  Halts  dried  at  loo"  C.  so 
that  they  may  be  more  readily  compared  with  compounds  of  WitMrin 
and  other  earlier  investigatorH. 

Basic  TanncUes  of  Ruou. 


Formula. 

Inm. 
Per  eent. 

rerrleoxMa 
Peremt. 

InmtmmL 
PtefMM. 

rc„nA)Fe 

(CuHAXFeOV 
(C„H,0,XFeOS 
(C„H,0,)(FeOS4 
(Cu".0,XFeO), 

14-9 

24.42 

3«40 

36.96 

41-36 

21.27 
34-88 
44.85 
5279 
5899 

15.0 

Since  the  composition  of  these  basic  salts  varies  with  the  concentra- 
tion of  the  iron  solution  used  for  the  precipitation,  Huoaa  points'  out 
that  they  may  also  be  regarded  as  merely  mixtures  of  the  normal 
tannatc  with  ferric  hydroxide. 

Rttoss  has  based  a  methml  of  determining  tannin  upon  its  preeipita- 
ti(jn  as  the  tannate  (C,4H.(),)Fc  {vide  infra). 

Iron  Tannate  precipitated  by  Hydrogen  Peroxide.  Hepworth  an<! 
Mitchell  *  investigated  the  nature  of  the  tannate  formed  on  adding 
hydrogen  peroxide  to  a  solution  containing  tannin  and  ferrous  sul- 
phate. There  was  an  immediate  den.se  black  precipitate,  which 
rapidly  subsided, ^leaving  a  colourless  .solution.  The  precipitates 
thus  obtained,  when  dried  at  100°  C,  were  found  to  contain  .!i  to 
22.5  per  cent,  of  iron,  and  were  probably  basic  tannates. 

(*allic  acid  treated  in  the  same  manner  yielded  only  a  vcrj-  slight 
deposit,  but  the  colour  of  the  solution  changed  to  dark  reddish- 
brown. 

Attempts  to  ba.se  a  quantitative  metho<l  of  determining  gallo- 
tannic  acid  on  this  reaction  have  so  far  proved  unsuccessful. 

CHANGES  IN  INK  ON  KEEPING.  The  de|)osits  which  form 
gnulually  in  finished  ink  when  kept  in  (la.sks  protected  fnmi 
the  action  of  the  air,  have  conmionly  In-en  reganled  as  iron  tan- 
nates,  but  exi>eriments  nuide  by  llinrichsen  f  show  that  this  is  not 
the  case. 

Six  samples  of  ink  were  kept  for  three  years  in  flasks  and  the  pro- 
portions of  gallotannie  and  gallic  acids  and  of  iron  were  determined 
before  and  after  this  treatment,  with  the  following  results  : 

*  Unpublished  rpnultx. 

t  Di€  Uuttrmeknmg  vnm  Mistmfaiiuxiimifn  (iqck)).  i.  i 
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(••Il<4«nnlc  kud  gftlUc  acid*. 
Orma.  per  litre 

Irou. 
Omu.  per  litre 

1904 

1907 

1904 

1»07 

I 

3 
4 

5 

50.5 
49.6 

46.0 

♦"•: 
^^■■^ 

23.9 
42.1 

37-7 

35.5 

20.9 

.       28.8 

7.6 

7.5 
7.6 

3.9 

7.2 
4-5 

7-5 
7-7 
7-7 
3-9 
7-3 
4.6 

These  striking  results  shi)w  that  wiiile  the  iron  kept  fairly  constant, 
there  was  a  pronounced  decrease  in  the  proportion  of  gallotannic  and 
gallic  acids  in  the  inks,  and  that  the  deposits  could  therefore  have 
contained  very  little  iron. 

This  conclusion  was  confirmed  by  determination  of  the  iron  in  the 
deposits,  when  the  following  amounts  were  found  :  (1)0.40  ;  (2)0.70; 
(3)0.28;  (4)0.31  ;  and  (5)0.60  percent. 

The  dejKJsits  were  therefore  not  iron  tannates  but  probably  con- 
sisted of  condensation  and  oxidation  products  of  gallotannic  and 
gallic  acids. 

These  results  also  indicate  that  an  ink  may  fall  below  a  standard 
(juality  when  kept  in  u  closed  flask. 


Methods  of  Estimating  Tannin. 

The  methoils  of  determining  tannins  are  very  numerous,  and 
attempts  have  l>een  made  to  utilize  most  of  the  reactions  that  seemed 
likely  to  give  anything  approaching  quantitative  results.  Thus  pre- 
cipitation with  gelatin  and  all  kinds  of  metallic  salts  has  been  tried, 
but  the  results  of  different  observers  have  been  far  from  concordant, 
which  must  be  largely  attributed  to  the  fact  that  there  are  numerous 
tannins,  and  that  these  vary  in  their  behaviour  with  different  chemi- 
cal reagents. 

For  valuation  of  tannin  materials  for  leather  manufacture  the 
methcKls  chiefly  used  are  LofwenthaVs  method,  which  is  based  on  the 
reduction  of  potassium  permanganate  by  tannins,  and  Procter's 
method,  which  depends  on  the  absorption  of  the  tannin  by  purified 
hide  powder. 

In  the  permanganate  method  an  aqueous  solution  of  the  tannin 
material  is  first  titrated  with  i>otassium  permanganate  solution 
with  indigo  carmine  as  indicator  to  obtain  a  valuation  of  all  the 
reducing  substances  present.  The  tannin  is  then  precipitated  by 
means  of  gelatin,  and   the  filtrate  again   titrated,   the  difference 
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between  the  two  rcKult.s  giving  the  amount  of  tannin  in  temis  of 
potassium  i)ermanganate.  The  method  will  thus  give  the  rehitive 
tanning  value  of  two  samples  of  the  same  kind  of  material,  but  numer- 
ous precautions  are  essential  ;  for  the  speed  of  titration,  strength  of 
the  solution,  and  otiier  factors,  have  an  influence  on  the  result.s.     This 


Fio.  29.     Trimblo's  apparatus  for  tAnnin  dotcmunation. 


method,  whicli  does  not  estimate  ^'allic  ai-i«l  ur  other  (-oiu{Mtunds 
(other  than  tannin)  that  give  a  coloration  with  iron  salts,  is  an  uniiuit- 
able  one  f«)r  tin-  valuation  of  tannin  material  for  ink  manufacturx\ 

PROCTERS  ftlETHOD.     We  have  found   Trimhir'a*  apparatus 
(Fig.  29)  ft  very  simple  and  satisfactorj-  one  for  the  determination  of 

•   Thr  Tnnninji,  ii.  p.  «>S. 
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tunnin  by  Procter'»  incthotl.  This  cunsisU  of  a  cylinder  of  abuut 
500  c.c.  capacity,  and  a  funnel-sha|K>d  tube  about  18  cm.  in  length, 
and  J. 5  em.  in  witlth  at  the  f>ott«»m,  whilst  the  other  end  tapers  to  a 
fine  tul>e  on  which  is  fixed  a  piece  of  flexible  rubber  tubing  to  form 
the  other  limb  of  the  siphon. 

A  small  piece  of  cotton  w(m>1  i.s  pushed  lightly  down  to  the  narrow 
entl,  and  the  tube  then  ItKisely  packed  with  8  to  10  grius.of  purilied  hide 
powder,  and  the  opening  closed  with  a  large  piece  of  cotton  wool. 

The  tannin  infusion  is  poured  into  the  cylinder  a  little  at  a  time, 
so  as  gra<lually  to  moisten  the  hide  powder.  After  standing  for 
about  two  hours  the  liquid  is  gently  siphoned  through  the  india-rubber 
tube,  the  first  30  to  40  c.c.  being  rejected.  Fifty  c.c.  of  the  filtrate  are 
then  evaporated  to  drj-ness  on  the  water-bath,  the  difference  between 
the  weight  of  the  residue  and  that  previously  obtained  by  evaporating 
50  c.c.  of  the  tannin  before  the  filtration  giving  the  amount  of  tannin 
absorbed  by  the  hide. 

Trimble  obtained  results  by  this  method  higher  than  those  given 
by  the  permanganate  and  alum  gelatin  metluKls. 

The  methwi  should  be  employed  by  the  ink  manufacturer  in  con- 
junction with  a  colorimctric  one. 

JACKSON  S  LEAD  CARBONATE  METHOD.*  This  is  based  upon 
Jackson's  di-tcrniination  that  a  i  per  cent,  aciueous  solution  of  gallo- 
tannic  acid  has  a  specific  gravity  of  1003.8  at  15.5°  C. 

The  extract  or  decoction  of  the  substance  is  diluted  to  a  litre,  and 
its  specific  gravity  determined  at  15.5°  C.  {e.g.  1003.86).  It  is  then 
shaken  with  dry  lead  carbonate  at  intervals  for  two  or  three  hours, 
after  which  it  is  filtered  and  the  specific  gravity  of  the  filtrate  deter- 
mined. The  loss  in  si>ecific  gravity  («.g.  1003.86  —  1001.52  =  2.34) 
divided  by  3.8  and  multiplied  by  20  gives  the  percentage  of  tannin 
absorbed  by  the  lead  (e.g.  in  this  case  =  12.30  per  cent.). 

Jackson  obtained  the  following  results  with  solutions  of  3  per  cent, 
strength  : 


Speeifle 
grarity  of 
■oliition. 

Specific 

gnivitjr  of 

nitrate. 

Tannin 
Percent. 

Vatonia      .... 
Sumach 

Oak-woo<i  fxtnict 
ChMtnut  wood  extract 

1009.08 
1008.25 
1009.61 
1007.33 
1006.06 

J003  33 
1003.61 
1005.08 
1003.13 
1002.48 

30.2 
244 
238 
21.9 
18.8 

•  Chem.  New9.  1884. 1.  1079. 
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The  filtrate  front  the  lead  precipitate  in  tliiH  method  fomut  a  hiack 
ink  with  iron  Halts,  and  the  niethtxl  is  unKuitable  for  valuing  lanniri 
materials  for  ink  man  ii  fact  tire  unless  used  in  conjunction  willi  a 
COloriiiict ric  iik  t lioii. 

RUOSS  S  FERRIC  SULPHATE  B4ETH0D.*  This  is  based  upon  the 
formation  of  sodium  tannatc  and  the  subsequent  precipitation  of  the 
tannic  acid  as  the  compound  C^HjO,  [FeO]  {vide  supra)  by  means  of 
a  solution  of  ferric  sulphate  containing  sodium  tartrate  to  prevent 
spontaneous  formation  of  basic  ferric  oxide  and  acetic  acid  to  dissolve 
the  ferric  hydroxide,  which  would  otherwise  Ix*  precipitated  simul- 
taneously with  the  tannic  acid. 

The  reagents  required  arc  :  (i)  a  solution  of  50  gmns.  of  ferric  sul- 
phate (or  an  equivalent  quantity  of  ferric  chloride  or  ferric  am- 
monium sulphate)  |)er  litre  ;  (i)  a  semi-normal  solution  of  crjstalline 
so<liuni  carbonate  (71.3625  grms.  per  litre) ;  and  (3)  a  sf)lution  of  5 
grms.  of  KO<lium  tartrate  in  a  litre  of  dilute  (6  per  cent.)  a<*etie  acid. 

It  is  essential  that  the  ferric  sulphate  be  at  least  equivalent  to  the 
sodium  carbonate  solution,  i.e.  when  10  c.c.  of  each  are  Ixiiled 
together  and  filtered,  the  filtrate  must  not  give  an  alkaline  reaction 
with  methyl  orange.  In  preparing  it  the  liquid  must  n-*  »■•  »><•;•■<«  or 
basic  iron  com|)ounds  will  be  de|H>sited. 

A  further  test  to  be  applied  to  the  solutions  is  that  tm  miMug  s"  •■•c. 
of  water,  10  c.c.  of  solution  (i)  and  10  c.c.  of  solution  (i),  and  im- 
mediately adding  23  c.c.  of  solution  (3),  the  liquid  must  remain 
perfectly  clear  after  being  boiled  for  five  minutes. 

The  tannin  solution  may  be  neutral  (»r  faintly  acid  or  alkaline,  but 
must  not  contain  more  than  0.4  |)er  cent,  of  tannic  acid. 

In  the  determination  50  c.c.  of  such  a  soluti(»n  are  shaken  with 
10  c.c.  of  solution  (2)  and  10  c.c.  of  reagent  ( i )  (an  evolution  of  carlwin 
dioxide  taking  place),  and  then  immediately  mixed  with  25  c.c.  of  the 
sodium  tartmte  solution  (3),  well  shaken,  and  l>oiled  for  five  minutes. 
It  is  filtered,  and  the  precipitate  washed  until  the  washings  are  free 
fronj  iron,  and  then  dried,  ignited,  and  weighetl. 

The  weight  of  the  residue  multiplied  by  the  factor 

yi.aa  .  0.7001  ^ 

56  ^     ^ 

gives  the  amount  of  tannic  acid  (mol.  weight  —  321.22)  in  51 
the  tannin  solution. 

(Gallic  acid  treated  in  the  same  way  gixTS  a  brown  coloration,  but 
no  precipitate  with  the  reagents,  and  jMisses  into  the  filtrate,  where 
it  might  be  determined  colorimetrieally. 

This  method  has  not  proved  satisfactory  in  our  hands  as  a  mcana 

•  Zfit.  (inn!       " 
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of  (letertuiiiinK  the  value  of  taitnin  inuterial  for  the  manufacture  of 
ink  ;  ami  although  closely  following  the  directions  given,  we  have 
been  unable  to  obtain  concordant  results  in  ex|>eriments  with  solu- 
tions of  pure  t.'allt>tannio  acid. 

HINRICHSEN  S  COPPER  SULPHATE  TITRATION  METHOD.* 
The  residue  from  the  extraction  of  the  ink  witli  ethyl  acetate  is  treated 
with  a  measured  excess  of  standard  copper  sulphate  solution  in  the 
presence  of  calcium  carbonate,  and  the  excess  of  copper  solution 
titrated  back  with  a  standard  solution  of  pure  gallotannic  acid,  the 
end  |K>int  l>eing  found  by  spotting  on  filter  paper  with  potassium 
ferrt)cyanide.  The  most  convenient  strength  for  the  copper  sulphate 
solution  is  loo  grms.  of  the  crystalline  salt  per  litre,  while  the  gallo- 
tannic acid  solution  should  contain  25  grms.  per  litre. 

Gallic  acid  consumes  approximately  twice  as  much  copper  solution 
as  the  sanjc  weight  of  gallotannic  acid.  This  is  explainable  on  the 
assumption  that  it  is  mainly  the  carboxyl  groups  that  react. 

If  gallotannic  acid  is  regarded  as  the  anhydride  of  gallic  acid, 
formed  by  the  abstraction  of  water  from  a  hydroxyl  and  carboxyl 
group  as  in  the  equation  : 

C8Hs(0H)3C00H  +  (0H)3C,H8C00H 

=  C8H,(OH)3COOC8H2(OH)sCOOH  +  H,0. 

it  is  to  be  expected  that  two  molecules  of  gallic  acid  should  combine 
with  twice  as  much  copper  as  a  molecule  of  gallotannic  acid. 

In  practice,  however,  the  readiness  with  which  gallic  acid  oxidises 
causes  the  proportion  to  be  somewhat  smaller,  viz.  1.8.  Taking  this 
as  the  factor  the  relative  amounts  of  giillotannic  and  gallic  acids  in 
the  weighed  extraction  residue  may  be  calculated  frr>iii  the  results  of 
the  titration  by  means  of  the  formula 

x  +  lSy=a 
z+y=b 

where  x  represent  the  gallotannic  acid,  y  the  gallic  acid,  and  a  the 
quantity  of  gallotannic  acid  corresponding  to  the  amount  of  copper 
sulphate  sohitioti  used. 

TITRATION  WITH  IODINE.  The  method  of  titrating  the  residue 
with  iodine  is  described  on  p.  129.  It  gives  results  in  agreement 
with  those  obtained  by  the  copper  sulphate  method. 

One  molecule  of  gallotannic  acid  absorbs  approximately  16  atoms 
of  iwline,  and  one  molecule  of  gallic  acid  absorbs  8  atoms  of  iodine 
in  the  presence  of  smlium  bicarbonate. 

COLORIMETRIC  BIETHODS.  It  is  obvious  that  the  ordinar>- 
gravimetric  nuthcxis  used  by  the  leather  manufacturer  for  the 
valuation  of  tannic  materials  are  not  very  suitable  for  the  purposes 
•  Die  UnUr-fUfhuwj  fon  EisengalUntinten  (1909),  p.  80. 
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of  the  ink  manufacturer,  who  wishes  to  take  into  account  all  the  sub- 
stances capuble  of  fonninf;  coloured  coiii|MJundH  with  iron  huUh,  and 
not  merely  those  forming  insoluble  compounds  with  gelatin. 

The  tiltrate  from  the  determination  of  tannin  by  Procter's  method 
almost  invariably  gives  n  dark  colour  with  solutions  of  ferric  saltM, 
and  this  is  more  marked  in  the  ease  of  samples  of  old  material  in 
which  the  original  gallic  acid  has  underg<me  more  or  less  deeom|)08i- 
tion.  For  instance,  we  found  old  Knglish  oak-apple  galls  to  contain 
1 1  per  cent,  of  tannin  by  the  gelatin  absorption  method,  whereas  the 
nitrate  from  the  gelatin  compound  gave  a  deep  blue-black  colour 
with  ferric  salts,  and  when  tested  by  our  eolorimetric  method  was 
found  to  contain  substances  equivalent  in  tinctorial  effect  to  an 
additional  iS  to  M^  per  cent,  of  ^allntaiinic  acid. 

HINSDALE  S   OOLORIMETRIC    METHOD.     Hinsdah  *    i 
scribed  a  method  in  which  the  reagent  was  prepared  by  disMilving 
0.04  grm.  of  potassium  ferricyanide  in  300  c.e.  of  water  and  adding 
1.5  c.c.  of  ferric  chloride  solution  (Amer.  Pharm.  strength). 

The  standard  tannin  solution  consisted  of  0.04  grm.  of  pure  gallo- 
tannic  acid  dried  at  100°  C. 

In  determining  the  proportion  of  tunnin  in,  e.g.  oak  bark,  o.S  grm. 
of  the  sample  was  exhausted*  with  successive  quantities  of  Ixiiling 
water,  and  the  extract  made  up  to  500  c.c.  Five  drops  of  this  ext  met 
were  then  treated  with  5  c.c.  of  the  reagent,  and  the  same  quantity 
added  to  4,  5,  6,  7,  and  8  drops  of  the  standard  tannin  solution,  .\fter 
one  minute  20  c.c.  of  water  were  added,  and  the  colours  nmtche<l 
within  three  minutes. 

Hinsdale  asserts  that  the  method  is  applicable  to  any  substance 
containing  less  than  10  |)er  cent,  of  tannin.  In  the  case  of  stnmger 
solutions  an  ecpial  volume  of  water  must  be  added  and  the  results 
nuiltiplied  by  2. 

We  have  made  a  nunilnr  of  determinations  by  tliis  nutluHl.  l)ut 
in  our  opinion  it  has  the  drawbacks  of  requiring  the  tannin  solution 
to  be  so  very  dilute,  whilst  the  reagent,  in  addition  to  l>eing  unstable 
and  possessing  t<Mi  dark  a  colour,  gives  somewhat  indecisive  c<d<>ra- 
tions  with  tannin,  which  are  not  eivsy  to  match. 

We  therefore  <liscjird<'«l  it  in  favour  of  the  following  eolorimetric 
proet'ss. 

MITCHELL  S  COLORIMETRIC  METHOD.t  The  reagent  consists 
'  t  I  solution  of  o.i  grm.  of  ferrous  sulphate  and  0.5  grm.  of  sodium 
tartrate  in  250  C.C.  of  water.  On  adding  this  to  a  dilute  solution  of 
gallotannic  acid  or  gallic  aci<l  a  violet  coloration  is  prtMluce<l.  the 
intensity  of  which  is  proportional  to  the  amount  of  these  acids  present. 

The  standard  solution  for  ctdorimetric  com|>ari'M>n  conslwtJi  of  o.i 
*  Amn.  Jottm,  Pkarm.,  1890.  Kil    it>).  *  t'npublithfd. 
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grm.  of  dried  gallotannic  acid  in  500  c.c.  of  water,  and  the  whuie  of 
the  substances  giving  a  coloration  with  the  reagent  are  expressed  in 
temis  of  gallotannic  acid. 

(Gallic  acid  may  also  l>e  used  for  the  standard  solution,  and  the 
rtsults  expressed  in  terms  of  that  acid. 

The  colorimetrical  comparison  may  be  suitably  made  in  the  tubes 


Fi«!.  30.     Hchii  :  -  N    —it-rising  tubes. 

hr>t  (li'sii;ncd  by  Hehner  for  Nt-sRlmsinK  water.  These  urr  pluced  «»n 
a  white  tile,  and  the  colour  of  the  liqui<l  in  each  nmtchcd.  The 
amount  of  jjiillotannic  acid  in  the  tuljc  containing  the  stardard 
solution  being  known,  the  equivalent  amount  in  the  other  tube  can 
then  be  readily  calculated. 

In  this  way  the  following  results  were  obtained  : 
Nut  gJills,  44  j>er  cent.  ;  oak-apple  galls,  30.7  per  cent.  ;  divi-divi, 
J 1  Dtr  (■<nt.  ;    valonia,  57.5  and  59  per  wul.  :    niyrobalans.  39  per 
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:iii<l    (  liinctic   gallit. 


(■(•III  .  ;     .l,iiiaiu-s«-    i,';ilK.  |  "  i    r- nt 

(•(•III  . 

AMMONIUM  MOLYBDATE  METHOD.  K<,Us,l!f  *  uses  a  nitric  acid 
sulutioii  of  amiiioniuin  tiioiylxlatc  for  tlu-  coiuimrison.  The  rrKiiiue 
obtained  \i\  th«-  cxtractifm  of  tlir  ink  witli  ethyl  ueotate  (infra)  is 
dissolved  in  i  hi  c.c.  of  \vat(  r  :  i  td  j  c.c.  of  the  hqtiid  diluted  to  ^5  e.c. 
and  5  e.c.  Ill  t'iitkciiir's  iiiolylnlalc  rcayent  ad(k'd.  Tlie  yellow  to 
hrowii  coloration  i-^  inatclnd  against  a  standard 
solution  of  '_'allo-laniiic  a?iii  L'allie  acids,  prepiljcd 
li\  I  \i  I  ;iit  MIL'  SihliiUiii  i'liil  S I  iiiiKtnn's  standard 
ink  ( |i.  I  J  I  j  \\\\\i  I  t  li\  I  acetate,  drying  the  re»'idMP 
from  t  111-  c\t  lact .  ami  dissolving  it  in  water. 

The  Mjolybdate  reagent  is  prepared  by  dis.soiving 
80  grms.  of  animoniiiiii  niolybdate  in  O^o  e.c. 
of  water  and  i(k>  e.e.  of  ammonia  solution 
(sp.  gr.  0.(^25),  and  ea»itif)usly  adding  to  the  solu- 
tion a  cold  niixtnrr  ..t  «)(kd  e.e.  of  nitric  acid 
(sp.  gr.  I  .iS)  an<l  j  i     <   i  .  of  water. 

EXTRACTION  WITH  ETHYL  ACETATE.  .\ 
metluHl  of  extracting  both  gallotannic  and  gallic 
acids  by  means  of  ethyl  acetate  has  lx?cn  devised  by 
IIinrich.sfn,'f  and  has  been  adopted  for  the  oUicial 
valuation  of  inks  in  tin  n.  u  Prussian  regtdations. 
The  ink  (10  e.e.)  is  acidified  with  hydroehlorie 
acid,  and  repeatedly  shaken  with  tlie  s(»lvent,  and 
the  united  extracts  evaporate»l  in  vacuo,  and 
weighed.  The  actual  amounts  of  gallotannic  and 
gallic  acids  in  the  residue  may  then  Ik*  determined 
by  titnition  with  iodine  (see  p.  i  29).  or  col<»rimetri- 
cally  by  im  ans  of  anuiionium  molybdate  (mipra).  For  this 
purpose  lliiii  ii  lisni  reconuucnds  the  use  of  liothc's  extraction 
ap{>aratus  (1  1-  ^l  1.  Ten  e.e.  "t  tin  ink  are  intrinlueed  by  means 
(»fa  pipette  into  IIk  bulb  A,  and  ii.  e.e.  of  concentrated  hydrochloric 
acid  into  the  funnel.  \n<  1  allowing  the  acid  to  tl«)W  into  A,  50  e.c. 
of  ethyl  acetate  are  introduced  and  tlu*  apparatus  vigorously  shaken 
and  allowed  to  stand.  The  lower  acjucous  layer  is  then  drawn  off 
into  the  lower  bulb,  H,  wlicrc  it  is  shaken  with  a  fresh  |)ortion  of  the 
s(»lvent,  which  is  introduced  through  the  fmuu-l. .}.  The  new  aqueous 
layer  is  withdrawn  through  the  tap.  3,  and  after  reintnal  of  the  ex- 
tracts from  ,\  and  H,  it  is  returned  to  .\,  where  the  cxtnietion  is  re- 
peatci!  with  fresh  supplies  of  the  .solvent.  Finally  the  united  extracts 
arc  e\apoiat<  .1  and  the  rcsiduc  treated  as  dcscrib«-d  (»n  p.  i  29. 

*  /.  MatmaUfrHftmttmmt,  vj/vj.  \\\ 

t  i^otirgtum,  I909,  333.  342. 


Km.  31.  Rothe'8 
extraction  ap- 
paratus. 
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In  thin  way  llinrichsen  and  Kfdesdy  found  that  the  ethyl  acetate 
extnu'ts  of  ^alls  cunsistcd  entirely  off^Hotannic  and  gaUic  acids,  and 
that  tliese  acicis  constituted  60  to  80  per  cent,  of  the  extract  from 
myn>l>alans  and  divi-divi. 

It  would  therefore  be  impossible  to  detect  the  substitution  of 
other   tanning;   extracts  (from  wliich    the 
porti«>n    insohihle    in    ethyl    acetate    had 
h«t?i  rfiuoNcd)  for  i,'alls  in  inks. 

KEMPFS  APPARATUS.  The  oJIicial 
metliiMl  of  estimating  the  amount  of 
gitltie  and  ^tllotannie  acids  in  ink  for 
elassilieation  by  the  new  Prussian  regula- 
tions (siipro)  is  tedious  and  o|)en  to  the 
objection  that  in  hot  weather  hydrolysis 
of  the  ethyl  acetate  may  take  place  and 
the  aniline  or  other  provisional  colouring 
matters  in  the  ink  be  also  extracted. 

To  obviate  these  drawbacks  Kempf  *  has 
devised  the  automatic  extraction  ap- 
paratus shown  in  the  accompanying 
diagram  (Fig.  32).  A  mixture  of  10  c.c. 
of  the  ink  and  10  c.c.  of  20  per  cent, 
hydrochloric  acid  is  introduced  into  the 
cylindrical  vessel  e,  which  is  surrounded 
by  a  cooling  jacket,  e\  while  100  c.c.  of 
ethyl  acetate  are  placed  in  the  flask,  a,  the 
capacity  of  which  is  about  150  c.c.  The 
solvent  is  kept  briskly  boiling,  and  the 
vajMiurs  rise  through  the  tube,  6,  to  the 
c<indenser,  c,  whence  the  condensed  drops 
fall  into  the  funnel,  li,  connected  with 
the  spinil  tube  standing  loosely  in  the 
cylindrical  vessel.  Thence  issuing  from 
|>erforations  in  the  expanded  base  of  the 
spiral  the  drops  rise  through  the  ink,  and 

the  extract  overflows  through  the  tube,  /,  into  the  flask,  any  trace  of 
the  ink  oMrri'-'l  ""  ^  >.imultaneousIy  being  retained  by  the  trap  in  the 
tul)e. 

Samplts  i>i  I  in  .  \tract  above  the  ink  are  tested  at  intervals  to 
ascertain  whether  the  extraction  is  complete.  As  a  rule  the  whole 
of  the  gallic  and  tannic  acids  is  removed  in  about  i  J  hours,  or  about 
four  times  as  rapidly  as  in  the  shaking  method. 

*  Mitt.  Kgl.  MaterialptufungtanU,  1913,  zxi.  451. 


Fig.  32.    Kcmpf's apparatus 
for  extract  ing  tannin  from 
ink. 


CHAi'ri;K  IV. 

MANUFACTURE  OF  IRON  GALL  INK. 

Coimnns. — Tho  rolAtive  proportion  of  galls  aii<l  f<  rroun  tulpbaio  : 

Drduotions  from  tho  composition  of  ink  dopcsitf*  :  Old  typ*  of  Iron 

gall  ink  :  old  formula?  of  iron  gtili  inks  :  Unozidised  iroQ  gaU  inks  : 

Gallic  add  inks  :  Japan  inks  :  Raindty  drying  inks. 

1  111,  |iiii(iNs  (if  |)r(  pariii;:  ink  f'roni  C  hiiUNt-  or  A1c|)|K)  j?i»ll.s  is  a  very 
siiiipli-  UIU-.  The  j^alls  arc  (  rii>li((i,  mixed  with  straw,  and  treated 
witli  hot  (not  boihn^)  wat<r  in  a  lii^h  narrow  oak  vat  which  has  a 
false  bottom.  The  h(|uid  percolates  through  sniall  holes  in  this,  it» 
pasHage  being  assisted  by  the  presence  of  the  straw,  and  is  then  drawn 
off  through  a  cock  and  pumped  over  the  goods  again  and  a^ain  until 
the  wlmle  of  tlie  tannin  has  been  extracted. 

'I'lii-  rni:il  i\li.i(t.   \Nhi(li  slnuild  cuiitaiii   tK'iii        !•         |  I 

tannin  (  '  k  'It).  \^  then  mixed  with  a  solution  contanung  tin  i  '>' 

amount  id  li  ikhis  sulphate. 

The  Relative  Proportion  of  Galls  and  Ferrous  Sulph.vte. 

HISTORICAL  OPINIONS.  H  \\'  '"inpar.  lli.  nnm.  rons  (onnul.r 
yi\  en  \)y  dirferent  chemists  who  have  in\  <  st  i^^ated  the  subject,  it  will 
be  ol)s(rv«'d  that  there  is  frccpicntix    a  t'nat  diversity  of  opinion. 

(Mil  .d  flic  cMfliist  |inblished  fornuila-  is  that  yiven  in  I'lto  by 
(  iinm  {iiirius.*  in  wliitli   ]  parts  of  galls  are  to  l>e  used  to  i  jmrt  of 

I'   M  '  'ii-.  sid|  ili:i  I  c. 

/...i  /s,  f  wild  made  experiments  with  varying  quantities  in  1748, 
toiiinl  ihiit  ( <|ii;il  parts  of  galls  and  ferrous  sulphate  yielded  a  gfHid 
lilack  ink,  but  t  hat  the  e«»l<»iir  failed  in  a  few  days  to  browni.sh-yell«>w 
on  exposing  tin-  wniin-  to  thr  li^dd.  An  infusion  from  2  parts  of 
urills  inixcfl  witli  i  part  ol  ferrous  sulphate  had  not  faded  so  nuich 
atli  r  two  iiiunths'  exposure,  whilst  with  a  ])roportion  of  3  to  i  the 
colour  was  pn-strv  cd  still  Ik  Iter.  Hy  still  further  increasing  the 
pro|M)rt  K>\\  I  I  L'  ills  til  >i  :  !  ,  till  u  ntinj;  was  paler  but  niore  tiurable. 
The  pr<  1  I  u  ili  1   \sas  Immd  li>  a<hnit  «»f  nuu'h  greater  varia- 

ti«)n,  bui  |)  II  t  s  \  H  Idril  an  ink  <dsulllcient  blackness  and  |K'r- 

nuinency. 

Hihraurourl  1 1  milii  nn  d  LrtriV«Ntatement  as  to  tin  inlliience  of  an 
excess  <»r  11 1  '11  ii|H  ,ii  111'    w  I  It  iiii:,  and  alsd  ^h,  .w  ,  d  that   w  111  n  the  gnlls 

•  Ih  Airamentm.        t  Uk.  ct.  p.  377.        X  Ann.  d€  Vktm,,  ij^i.  xv.  iij. 
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wen*  in  excess  the  churacters  soon  changed  to  brownish-yellow  on 
expt>sure. 

From  his  experiments  he  eoncluded  that  a  proportion  of  i  of  j^alls 
to  I  of  ferrous  sulphate  was  sullieient  to  make  a  good  ink,  and  tiiat 
Lnvh's  projiortion  of  3  to  i  was  too  great. 

Other  proportions  reconunended  are  4  :  i  (Eisler,*  1770) ;  3  :  1 
{tUid  t) ;  1.5  :  X  (Brande  %) ;  2.4  :   liUre  \) ;  Ac.  Ac. 

All  these  proportions  were  obtained,  empirically,  with  galls  which 
probably  eontiiined  very  variable  proportions  of  gallotannic  acid,  and 
by  methods  in  which  different  amountsof  that  substance  were  brought 
into  solution.  Hut  making  allowance  for  this,  the  balance  of  opinion, 
which  is  also  supported  by  numerous  authorities  not  quoted  above 
{Booth,  Kannarsch,  Ilochheimer,  Ac),  is  in  favour  of  a  proportion  of 
3  |>arts  or  thereabouts  of  galls  to  i  part  of  ferrous  sulphate. 

This  conclusion  is  supported  by  the  experiments  of  Schlttttig  and 
Seumann  on  the  composition  of  the  insoluble  iron  compound  that" 
forms  on  exposing  the  solution  of  gallotannic  acid  and  ferrous  sul- 
phate to  the  action  of  the  air,  and  by  our  own  experiments  on  similar 
lines. 

DEDUCTIONS  FROM  THE  COBIPOSITION  OF  INK  DEPOSITS. 
Of  the  numerous  compounds  of  tannin  and  iron,  which  have  already 
been  described  (p.  66),  that  formed  during  the  spontaneous  oxidation 
of  the  ink  is  the  only  one  that  need  be  considered  here,  for  the  in- 
soluble tannate  produced  by  oxidation  with  hydrogen  jicroxide  has  a 
completely  different  composition  (loc.  cil.,  supra). 

Witistein  \\  exposed  a  solution  of  tannin  and  ferrous  sulphate  in  the 
proportion  of  3  :  i  to  the  atmosphere  for  a  month  and  a  half,  and 
thus  obtained  an  insoluble  precipitate  which,  when  dried  at  100°  C, 
yielded  8.40  per  cent,  of  ferric  oxide  ( =  5.88  per  cent,  of  iron).  He 
proved  that  gallic  acid  was  not  formed  in  the  oxidation,  since  the 
liquid,  after  repeated  treatment  with  gelatin  to  remove  tannic  acid, 
yielded  a  filtrate  which  did  not  darken  on  the  addition  of  ferric  .salts. 
The  precipitate  contained  ^^  of  its  iron  in  the  ferrous  state. 

The  fonnula  which  best  corresponds  with  this  proportion  of  iron  is 
that  suggested  by  Schiff,^,  which  requires  S.5  per  cent,  of  iron  oxide  : 

^•^  (C,4H,0,), 

Schhittig  and  Neumann,**  on  repeating  Witlstrin^a  experiments, 

•  Loe.  eit.  t  '**•'•  ^og-'  1827,  ii.  114.         X  ^•<"^-  of  Science,  art.  Ink. 

§  Diet.  ofCkem.     Ij   JakrtjJber.  der  Chem.  (von  Berzelius),  1848,  xxviii,  221. 
•■    Ann.  ('hem,  Pharm.,  1875,  clxxv,  l-j*t. 
••  /><»  KiitngaUwitinten,  Dresden,  1^90,  p.  44. 
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Anumnt  of  J  ran  in  Spontaneous  VeposUi  from  Inkt. 
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MANUFACTURE  OF  IRON  (.MA.   INK  s;j 

ohtaiiird  a  st-rics  t»f  llvi-  s|M>iitaiu-oiis  prt*i-ipitatcs  wlii<-h  tlu-y  rt'inovrcl 
fruni  the  ink  from  time  to  time,  the  final  one  being  eoliected  after  an 
exposure  of  five  weeks.  Th€?se  five  precipitates,  dried  at  100°  C, 
were  found  to  contain  fn>ni  6.27  to  6.61  per  cent,  of  iron,  the  avenipe 
of  the  five  being  O.33  i>er  cent. 

Precipitates  obtained  in  the  .same  manner  and  allowed  to  dry 
s|K>ntancously  in  the  air  contained  on  the  average  4.8  per  cent,  of 
iron.  .\  complete  analysis  of  one  of  these  air-dried  de|K)sits  gave  the 
following  results  :  Carbon,  35.77  ;  hydrogen,  5.19  ;  iron,  4.80  ;  and 
oxygen,  54.24  per  cent.  When  these  precipitates  were  dried  at 
100°  C.  the  dark  violet  colour  changed  to  black,  and  they  were 
then  found  to  contain  6.34  percent,  of  iron,  or  the  same  proportions 
as  the  de)M)sits  dried  directly  at  that  temperature. 

The  ratio  ofiron  to  tannin  was  thus  as  I  :  i4.27(ori  part  of  ferrous 
sulphate  to  2.88  parts  of  tannin) — a  result  which  agreed  fairly  well 
with  />iV/rric/»'«  empirical  proportion  of  1  part  of  iron  to  15  parts  of 
tannin. 

As  there  was  considerable  discrepancy  between  the  composition  of 
the  de|KJsits  obtained  by  Witisfein  and  by  Schlullig  and  \eumann  we 
thought  it  advisable  once  more  to  repeat  the  work,  using  not  only 
tannin,  but  also  extracts  of  different  kinds  of  galls. 

Our  results,  which,  as  will  be  seen,  were  obtained  under  very 
var>"ing  conditions,  are  summarised  in  the. preceding  table. 

Our  results  with  pure  gallotannic  acid  are  thus  more  in  agreement 
with  those  of  Wittstein  than  with  those  of  Schlultig  and  \euma»n. 

It  was  hardly  to  l>e  expected  that  galls  should  not  contain  other 
substances  besides  gallotannic  acid  forming  insoluble  compounds 
with  iron,  and  this  probably  accounts  for  the  higher  i>ercentage  of  iron 
found  in  the  de|K)sits  from  English  oak-apple  gall  ink,  &c. 

We  found  that  the  precipitates  attacked  the  paper  if  dried  on  the 
filter  at  100°  C,  and  we  therefore  in  most  of  our  experiments  washed 
thede{K>sits  into  a  platinum  basin,  in  which  they  were  subsequently 
dried  and  ignited. 

The  ratio  bet  ween  the  iron  and  gallotannic  acid  in  our  dried  deposits 
was  a-s  I  :  16,  which  corresinrnds  with  a  ratio  of  i  :  3.22  between  the 
ferrous  sulphate  and  gallotannic  acid. 

Hence  each  part  of  ferrous  sulphate  requires  3  parts  of  pure  gallo- 
tannic acid.  Since,  however,  the  pro|K)rtion  of  tannic  acid  varies  in 
each  kind  of  material  employed,  the  proportion  of  tannin  material 
must  naturally  var>'  corres|K»ndingly. 

The  foHowing  table,  giving  t  he  approximate  projwrtions  of  difTen  nt 
materials,  is  based  u|>on  the  average  amount  of  tannin  they  contain, 
and  on  the  results  of  the  preceding  exix'riments.  It  is  assumed  that 
practically  the  whole  of  the  tannin  is  extracted  in  each  case. 
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Proportion  of  Tannin  Materials  required  by  1  pnrt  oj 
Ferrous  Sulphate. 


Tniiiiin  ninterinl. 


Commercial  gallotannic  aci<l 

Aleppo  gallx .         .         .         . 

Chinese  galU 

Japanese  gallfl 

Acorn  f^tilU  (Knnppern) 

EngliHh  oak-apple  trails 

Chestnut  woml 

„  „     extract  . 

Sumach  .  .  .  . 
Valonia*  .  .  .  . 
Divi-divi  .  .  .  . 
Myrobalans  .         .         .         . 


ConUinin;; 

I'krttlif 

pare  ttnnic 

w<ri:;tit 

acid. 

rvqnlrcd. 

Pot  OBBt. 

I  ■irca). 

S6 

38 

62 
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26 
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()l.d  Type  or  Iron  Galx  Inks. 

When  solutions  orgallotannic  aci<l  and  ferrous  sulphate  are  mixed 
the  liciuid  Ht  first  renmins  colourless,  and  it  is  only  when  oxidation 
takes  place  that  a  violet-black  solution  and  eventually  a  violet -black 
deposit  is  formed. 

In  the  older  type  of  iron  gall  inks  it  was  therefore  necessarj-  to 
expose  the  liquid  to  the  air  for  some  time  to  obtain  an  ink  which 
would  give  writing  of  suflicicnt  immediate  blackness,  although  even 
the  writing  with  the  colourless  solution  of  galiotannicacid  and  ferrous 
sulphate  gradually  becomes  black  when  dried.  In  other  words,  a 
'*  provisional  colour  "  was  formed  by  partial  oxidation  of  the  ink,  and 
the  insoluble  deposit  was  kept  in  susfiensinn  by  the  Hd«bti<->  ■■'  •• 
BUfllcient  quantity  of  gum  arabic. 

Ink  thus  oxitliscd  yielde<l  an  inmicdiate  bh«-k  writing,  but  ii:iii  tin- 
drawback  that  that  portion  of  the  ink  in  which  the  oxidation  was  com- 
plete did  not  |H*netratc  into  the  fibres  of  the  pa|)er.  but  was  attaehe<l 
to  the  surface  by  means  of  the  gun>  and  could  Im*  wa-shed  off. 

In  a  gjMxl  iron  gall  ink  i>f  the  old  ty|M'  it  was  therefore  essentinl 
to  have  only  so  much  of  the  ink  oxidised  as  to  give  an  immediate 
black  colour,  leaving  the  renuiin<ler  in  an  un<»xiilise«l  state  to  pene- 
trate into  the  pa|M'r.  aiul  form  tlic  Mack  iiiMiIublf  o\idise<l  tannatc 
within  the  fibres. 
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On  lM>iniiK  an  iron  gall  ink  the  oxidation  process  is  accelerated,  and 
there  is  also  some  (lecH>ni|)osition  of  the  tannate,  so  that  a  complete 
ink  should  not  he  boiled. 

Proi  isioual  Colouring  Matters.  The  paleness  of  the  writinjj  with 
unoxidist'd  ink  has  also  been  obviated  in- many  inks  by  the  addition 
of  logw«HMl  extract  (p.  92),  or  more  recently  of  various  aniline  colours 
<p.  115).  Such  colouring  matters  as  Prussian  or  Turnbull's  blue,  ultra- 
marine, or  the  various  blue  compoimds  of  copper,  are  quite  unsuitable 
for  the  purjwse,  since  they  are  either  too  insoluble  or  react  with  the 
tannin  and  injure  the  colour  of  iron  tannate.  The  most  suitable  and 
most  widely  employed  substance  as  a  provisional  colour  is  indigo,  the 
presence  of  which  is  a  characteristic  feature  of  the  so-called  "  aliza- 
rine "  inks  (ii<lr  infni). 

OLD  FORMULiE  OF  IRON  GALL  INKS.  The  earliest  method  of 
preparing  iron  gall  ink  that  we  have  discovered  is  that  of  the  Eliza- 
l)ethan  domestic  ink.  the  formula  of  which  is  shown  in  the  frontis- 
piece. 

Elizabethan  Ink.  Rain  water  (or  claret  wine  or  red  vinegar),  i 
quart  ;  galls,  5  oz.  ;  ferrous  sulphate,  4  oz.  ;  gum,  3  oz.  After  five 
days'  soaking,  the  extract  from  the  galls  was  heated  just  to  the  boiling 
point  with  the  ferrous  sulphate  (see  also  the  rhyme  of  de  Beau 
Chesne,  p.  10). 

Canneparius  *  (i6<)o).  Galls,  3  oz.,  macerated  in  30  oz.  of  white 
wine  for  six  days,  and  the  extract  mixed  with  i  oz.  of  ferrous  sulphate 
and  2  oz.  of  gum  arabic,  and  left  for  four  days. 

Lewis  t  (i  760).  Galls,  3  oz. ;  rasped  logwood,  i  oz.  ;  water,  2  to  3 
parts  ;  gum,  varied  at  discretion,  but  about  ^  oz.  per  pint.  The  ink 
to  be  shaken  daily  for  ten  to  twelve  days. 

■•  Celebrated  Black  Dresden  Ink"  (1770). J  Galls,  2  lbs.  ;  ferrous 
sulphate,  \  lb.  ;  gum,  6  oz.  ;  alum,  2  oz.  ;  verdigris,  i  oz.  ;  and  salt, 
I  oz.  ;  in  2  quarts  of  vinegar  and  2  quarts  of  rain  water.  Decanted 
after  two  days  and  shaken  daily  for  eight  days. 

Eisler  %  ( i  770).  Galls,  4  oz. ;  ferrous  sulphate,  2  oz.  ;  gum.  i  07.  ; 
in  a  quart  of  rain  water. 

Bibetiucourt  \  (1792).  Galls,  2  oz. ;  ferrous  sulphate,  i  oz.  ; 
cop|)er  sul|)hate.  \  oz.  ;  gum,  I  oz.  ;  and  logwood,  i  oz.  ;  in  24  oz. 
of  water. 

Beid\\{\^-  1118(1  lb.)  extracted  twice  with  3  pints  of  boiling 

water,  and  the  extract  (2  quarts)  mixed  with  3|  oz.  of  ferrous  sulphate 
and  the  same  quantity  of  gum. 

•  Dt  Atramemtis,  p.  270.  t  loc-  eit.  p.  377. 

X   Eisler,  DitUtfasa,  p.  7.  i  Ann.  de  Ckim., 

,i  PhiloB.  Uag.,  1827,  ii.  114.'  •'  ?^ 
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Unoxidised  Iron  Gam.  Ink> 

TIk:  use  iif  indigo  as  a  means  of  improving;  tlic*  colour  of  ink  wa« 
nu-ntioiu-(l  by  Kisler  in  i  yyoiloc.  cit.),  and  was  used  in  this  coimtrj'  by 
Stephens  *  in  iH3<». 

In  1856  Leonhardi,  f  of  Dresden,  patented  in  Hanover  an  ink  eoh- 
sistingofan  extract  of  42  parts  of  Aleppo  ^alls  and  3  parts  of  madder 
in  I  20  parts  of  water,  mixed  with  1 1  parts  of  indigo  solution,  3^  parts 
of  ferrous  sulphate,  and  2  parts  of  metallic  iron,  dissolved  in  crude 
acetic  acid.  Subse(|uently  the  madder  was  omitted  as  superfluous, 
but  the  inks  still  retained  the  name  of  "alizarine"  ink,  although 
quite  free  from  ali/arine.  The  more  suitable  name  of  "  italin  "  inks 
never  met  with  popular  acceptance. 

In  "  alizarine  "  inks  the  process  of  oxidation  is  prevente<I  as  far  as 
possible,  thus  keeping  the  liquid  free,  to  a  large  extent,  fr«>m  in- 
soluble deposit,  and  giving  it  much  greater  power  (»f  |)enetnition  into 
the  paper.  The  presence  of  the  indigo  makes  the  writ  ing  inunetliritrly 
blue,  and  it  subsecjuently  changes  to  black  as  the  oxidation 
iron  taniiate  proceeds  within  the  fibres  of  the  pai>er. 

The  addition  of  indigo  also  increases  the  |M"nnaneney  of  the  ink.  so 
that  the  writing  offers  much  more  resistance  t<t  the  Mftinn  <»f  l>!f:M-lMn'j 
agents  than  onlinary  iron  gall  inks. 

Owing  to  the  absence  of  gum  the  inks  How  more  rfjuliiy  from  the 
pen,  and  are  less  liable  to  clog  ;  but,  on  the  other  hand,  the  presence 
of  free  acid  in  considerable  projwrtion  causes  the  |;)en  to  Ih"  corrode*!. 

Thus  we  found  that  an  ordinary  steel  pen  left  in  a  typical  com- 
mercial '*  alizarine  "  ink  from  which  air  was  excluded  had  lost  5  |kt 
cent,  in  weight  after  six  weeks,  while  the  ink  itself  ha«l  iK'come  semi- 
solid. 

Indigo  blue  is  soluble  in  concentrated  sulphuric  acid,  and  the  solu- 
tion can  be  diluted  to  a  great  extent  without  yielding  a  deposit. 

Viedt  X  gives  the  following  methofl  of  pre|»aring  **  aliauirine  "  ink  : 
a  5  to  ^>  |x^r  cent,  solution  of  sulphindigotic  acid  is  tr(*ated  with 
sufTlcient  iron  to  forni  the  necessary  amount  of  ferrous  sulphate  for 
the  tannin  present.  The  excess  of  free  acid  is  then  nearly  neutmliscd 
with  chalk  or  marble,  leaving  only  a  slight  amount  to  retard  atmo- 
spheric oxidation  of  the  ink.  The  clear  solution  is  then  decanted 
from  the  insoluble  calcium  sulphate  and  mixed  with  a  5  to  (>  jwr  cent, 
decoction  ofgalls,  yielding  a  gn*en  solution  through  the  mixture  of  the 
yellow  gall  extract  and  blue  indigo  solution. 

•  MerhnntfA'  Mag.,  1836.  xxv.  JJQ 

t  Dimtter'a  jnljft.  Jonrm.,  1856.  cxlii.  141. 

X  !bid.  1875.  ocxTi  533. 
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Inks  containing  neutral  indigo  camiinc,  t.r.,  the  sodium  or  pota«- 
sium  salt  of  sulphindigotic  acid,  yield  deposits  much  more  readily 
than  inks  containing  free  sulphuric  acid,  though  the  latter  also  form 
sediments  in  time. 

Indigo  canninc  is  pre|>ared  by  dissoh-ing  indigo  in  sulphuric  acid, 
adding  alkali,  and  collecting  and  washing  the  precipitate. 

ProUiiui'  •'  Alizarine  "  Ink,  which  was  reconunended  by  Bley  •  as 
su|>eri(>r  to  any  then  sold,  was  prepared  from  (i )  i  J  lbs,  of  galls,  with 
sulRcient  water  to  yield  5  lbs.  of  decoction  ;  (2)  4  oz.  of  indigo  jwwder 
mixed  with  i  \  lbs.  of  fuming  sulphuric  acid,  and  allowed  to  stand  for 
24  hours  ;  then  diluted  with  5  lbs.  of  water,  treated  with  8  oz.  of 
l>owdered  chalk,  and  8  oz.  of  iron  filings,  filtered  and  added  to  (i). 

With  the  object  of  reducing  the  corrosive  action  of  the  sulphuric 
acid  in  the  ferrous  sulphate  upon  steel  pens  several  manufacturers 
have  proposed  to  ignite  ferrous  sulphate  until  a  white  powder  was 
left.     It  is  diflieult  to  see  what  advantage  such  a  process  can  have. 

Dfsommix's  gall  ink  t  and  HanWs  non-corrosive  ink  %  were  pre- 
pared in  a  similar  manner. 

Galuc  Aciu  Inks. 

Reid,  §  in  the  course  of  his  investigation  on  gall  inks,  pointed  out 
that  after  the  conversion  of  gallotannic  acid  into  gallic  acid  more 
than  twice  as  much  ink  was  produced.  Thus  448  parts  of  galls 
required  1 4  \  parts  of  ferrous  sulphate,  but  after  the  conversion  of  the 
gallotannic  acid  into  gallic  acid  336  parts  of  the  iron  salts  were  neces- 
sary to  obtain  an  ink  of  the  same  intensity. 

To  effect  this  conversion  in  practice,  he  exposed  a  decoction  of  i  lb. 
of  galls  to  the  air  for  ten  days  with  continual  daily  shaking,  and  then 
added  to  each  quart  of  the  liquid  3  J  pints  of  water,  9  oz.  of  ferrous 
sulphate,  and  9  oz.  of  gum. 

DieterichW  has  also  recommended  inks  prepared  from  gallic  acid  solu- 
tions obtained  by  the  oxidation  of  gall  extracts  or  tannin  solutions. 

Oxidised  Gall  Ejtiracis.  200  parts  of  powdered  Chinese  galls  are 
moistened  with  water  and  kept  in  a  warm  place  (2o°-23°  C.)  until 
quite  mouldy,  the  water  being  renewed  daily,  so  that  the  galls  feel 
moist  but  not  wet.  .After  eight  to  ten  days  the  fermentation  is  com- 
plete, and  the  galls  are  extracted  with  successive  jwrtions  of  hot 
water,  and  filtered  after  the  addition  of  some  talc,  the  total  amount 
of  extract  and  washings  amounting  to  1000  parts. 

•  DingUr'$  jtciyt.  Journ.,  1857,  oxlv.  77. 
t  SiehoUon'n  Dirt,  of  Ck*m..  1820,  p.  507. 
X  Prechti'i  Technol.  Encyelop.,  1852,  p.  4'K). 
f  PhOotOfh.  Mag.,  1827.  ii.  iii. 
1   PJutrm.  MamunI,  1807.  p.  680. 
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Oxidised  Tannin  Solutions.  loo  parts  of  tannin,  loo  |)artfi  of 
water,  uiid  20  parts  of  hydrochloric  acid  (sp.  gr.  i.H))  arc  heated  for 
ten  hours  on  the  water  bath  at  Ho°-9o''  C,  and  then  gradually  flilutcd 
with  900  parUi  of  distilled  water. 

For  writing  inks  Dielerich  finds  that  cither  ferrous  or  ferric  salts  can 
be  used  with  such  oxidised  solutions,  but  for  copying  inks  only  ferrous 
salts  can  be  employed  (see  chap.  xii.).  He  gives  thf  fnllf.wini:  iWr^v- 
tions  for  preparing  inks  on  these  lines  : 

I.  Gall  Ink.  1000  parts  of  the  oxidised  gall  «iefHK-tion  are  mixed 
with  100  of  ferric  chloride  solution  containing  10  percent,  of  injn.  the 
ink  left  for  two  weeks  in  closed  flasks  and  then  decante<l. 

II.  Oxidised  Tannin  Office  Ink.  100  parts  of  tannin,  100  of  water, 
200  of  ferric  chloride  solution  (10  |>er  cent,  of  iron),  and  10  |)ereent.of 
crude  hydrwhioric  acid  (sp.  gr.  1.16)  are  mixed  and  heated  for  ten 
hours  at  8o°-9o°  C.  The  li(|uid  is  then  diluted  with  700  jwirts  of  hot 
water,  left  for  an  hour  at  the  same  temjicrature  (with  renewal  of  the 
evaporated  water),  cooled,  kept  in  a  closed  flask  for  two  weeks,  filtered 
and  diluted  to  1000  parts. 

With  inks  thus  prepared  the  writing  is  at  first  hardly  perceptible, 
so  that  a  provisional  colour  is  necessary,  as  in  the  case  of  the  following 
fornuila:  : 

Ulne-hlack  Iron  Gall  Ink.  Three  parts  of  phenol  blue  in  400  |Mirts 
of  water  are  mixed  with  600  parts  of  oxidised  gall  ink  (I.)  and  i  |>art 
of  phenol,  and  left  for  a  week  in  a  loosely  covered  flask,  after  which  the 
clear  ink  is  decanted. 

Violet-black  Ink.  Prei)ared  in  the  same  way.  except  that  1,5 
parts  of  phenol  blue  3  F.,  and  2.0  parts  of  Ponceau  red  R.H.  an-  used, 
instead  of  the  3  parts  of  phenol  blue  as  the  provisional  colour. 

Red-black  Ink.     Six  parts  of  Pont^cau  red  R.  used. 

Green-black  Ink.     Six  parts  of  aniline  green  use<l. 

Black  Ink.  The  provisional  colour  consists  of  10.3  parts  ut  juiiiinr 
green  I),  t)  parts  of  Ponceau  red  H.  and  i  jMirt  of  phenol  blue  3  F. 

''Alizarine''  Ink.  Four  |Mirts  of  indigotin.  ami  ..  |  parts  nf 
aniline  green  as  colouring  nuitter. 

Blue-green  Ink.  i  .5  parts  of  phenol  blue,  and  2.5  parts  of  aniline 
green  as  colouring  matter. 

For  the  formulnr  of  gidlic  acid  copying  inks  on  these  lines  see 
chap.  xii. 

Slate  of  Ma.viachu.sett.H  Official  Ink.  This  is  a  mixed  tannic  and 
gallic  acid  ink,  containing  the  following  constituents  :  Dr>'  gallo* 
tannic  acid,  23.4  ;  gallic  acid  crjstals,  7.7  ;  ferrous  sulphate,  30  ; 
gum  arable.  25;  dilute  hydrochloric  .irid.  .'^^  :  an«l  phenol,  i.  In 
1000  parts  of  water. 


^UNUFACTURE  OF  IRON  GALL  INK 


Japan  Inks. 

When  an  in>n  gall  ink  has  Ixjcn  oxidised  so  as  to  have  become  con- 
verted fur  the  most  part  into  the  insoluble  black  iron  tannate  (p.  8i), 
it  no  longer  possesses  the  penetrating  properties  of  the  freshly  pre- 
pared ink,  and  requires  the  addition  of  a  considerable  amount  of 
gunj  to  keep  the  insoluble  |H)wder  in  suspension. 

Such  ink  gives  nn  inmiediate  black  writing,  which  dries  on  the 
surface  of  the  {Miper  with  a  varnish-like  gloss,  whence  this  sort  of  ink 
was  termed  Japan  ink  by  Ribfaucourt. 

SincH"  the  oxidation  has  taken  place  within  the  ink  instead  of 
{Mtrtialiy  within  the  fibres,  as  in  the  old  type  of  partially  oxidised 
gall  inks,  Ja^Mm  inks  are  more  easily  removed  than  other  gall  inks. 
They  liave  also  the  drawback  of  stickiness  and  of  the  excess  of  gum 
( l,,_;^ing  the  pen,  whilst  they  also  readily  yield  large  deposits. 

liibfaucourCs  Japan  Ink  contained  the  ingredients  given  in  the 
formula  on  p.  85.  In  Nation^ s  English  patent  (No.  836;  1865), 
complete  iron  gall  ink  was  oxidised  by  being  percolated  through 
narrow  openings  in  the  bottom  of  a  vessel  ;  whilst  Carter  (Eng.  Pat., 
No,  1982  ;  1873)  obtained  the  same  results  by  subjecting^  the  ink  to 
the  action  of  a  current  of  air. 

Hoth  of  these  prcxvsses  produce  "  Japan  "  inks  of  the  very  opposite 
ty|M'  of  '•  ali/.arine  "  inks. 

Rapidly  Drying  Inks. 

Inks  tliat  are  intended  to  drj-  immediately  after  writing  contain 
as  an  essential  ingredient  a  considerable  proportion  of  a  volatile 
liquid.  For  example,  Riiler  has  patented  in  France  (1909)  the  use  of 
spirits  of  w'ne,  in  the  proportion  of  i  part  in  5,  as  an  addition  to  the 
ink.     The  same  principle  is  used  for  stamping  inks  (p.  233). 


CHAI»TKR  V. 

LOGWOOD,  VANADIUM   AND   ANILINE  BLACK   INKS. 

Contents.— Logwood  inks  :  Logwood  :  LogwtKxl  extract  :   H»nn« 
toxylin  :   Hn'in{it<-in  :   lHo-ha>mat«in  :  Addition  of  IokwimkI  to  n&U 
iniu  :  Logwood  iiikM  without  tannin  :  C'hro;»c  logwood  ink^  :  H(i>mat«Mn 
inlu  :  Vm}  of  logwood  in  patent  ink^  :  VuMdinill  iokl  :  Black  •"<*«"* 

inks; 

IxKJwooD  Inks. 

LOGWOOD.  riii>  wtll-known  dyeing  material  consists  ui  rinps  «if 
tlic  w(kkI  of  Ilfemaloxylon  Cnmpechimmm,  a  larjrc  tree  (^o  to  50  feet 
higli)  belonging  to  the  Ccenalpiuiacca.  It  forms  large  wcnkIk  on  the 
Atlantic  side  of  Central  America,  in  Mexico,  and  in  the  West  Indies. 

It  was  first  discovered  hy  the  S|mniards  in  the  Bay  of  C'«m|H'aehy, 
in  Mexico,  and  exported  hy  them  into  Europe.  When  intrtMluced 
into  Kngland  in  the  reign  of  Queen  Kli/^lx*th,  it  was  soon  empl<»yed  to 
adultenitc  other  dyes,  and  its  use  was  prohibited  as  *'  affording  a 
false  and  deceitful  colour"  injurious  to  the  Queen's  subject.s,  "and 
discreditable  l>eyond  seas  to  onr  mrrchants  and  dycrv."  This  Act 
was  not  rejH'aled  until  1661. 

The  constant  hostilities  betwtt  11  tiic  Spanish  and  ImihIisIi  ini  to 
the  tree  l>eing  acclimatised  in  the  West  Indies  in"  i  715,  though  sub- 
sequently a  trctity  was  concluded  giving  the  Knglish  the  right  of 
cutting  and  exporting  the  wwmI  from  Campeachy. 

The  West  Indian  logwoo<l  is  not  so  valuable  as  the  Mexican  pro- 
duct, whilst  Ilondunis  w(M)d  is  intermediate  in  value. 

In  preparing  it  for  the  market,  the  wo<mI  is  first  divided  into  logs 
about  3  feet  in  length,  which  are  then  cut  into  chips  by  means  of  a 
revolving  dnim  provided  with  steel  cutting  knives. 

Logwood  extract.  Formerly  the  chips  were  moisttiu.i  hkI 
ex|M)sed  to  a  fermentation  process,  but  manufacturers  now  « n- 
deavour  to  exclude  all  oxidising  influences. 

Three  methods  are  in  use  in  the  pre|mnition  of  the  logwood  ex- 
tracts of  conmierce.*  The  finely  dividetl  chifxs  are  frequently  digested 
with  hot  water  under  a  pressure  of  i  to  1  atmospheres,  this  process 
yielding  a  large  extract,  which,  however,  contains  a  considerable 
pro|)ortion  of  resins,  fats,  and  other  impurities  ;  (i)  the  French 
methoii  of  boiling  the  chips  with  water  at  the  ordinary'  preiwure. 

•  Rupc.  Dit  Chcm.  drr  nutur    y.irt,U"fif,  IK  107. 
INI 
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whirh  yields  n  smaller  tli<iii^h  purer  extract  ;  und  (3)  a  difTiisiDn 
process,  in  which  an  appanitus  similar  to  that  used  in  the  su^tr 
industry-  is  employed.  The  yieUI  by  this  pnK-ess  is  smaller  than  in 
( I )  or  ( i),  but  the  shades  of  colour  are  flner. 

If  the  wood  has  not  undergone  any  fermentation,  the  extracts  con- 
tain chiefly  ha^matoxylin  and  but  little  ha;niatein.  They  are  sold  either 
as  li(|ui<ls,  with  a  density  of  alxnit  10''  lH.,  or  as  solid  ^un-like  masses. 

The  titictorial  value  of  an  extract  is  usually  <letemiine<I  by  practi- 
cal dycinjj  tests,  the  amount  of  colour  fixed  on  wool  monlanted  with 
{Mitassium  bichromate  and  tartaric  acid  on  treatment  with  a  definite 
quantity  of  the  <lried  sample,  IxMUg  compared  with  that  given  by  a 
simiple  of  standard  quality. 

Ix)gwoo*l  extract  may  be  adulterated  with  molasses  or  tannin 
materials,  though  according  to  Rape  {loc.  cit.)  adulteration  is  not  so 
frcfjuent  now  as  formerly. 

HiEMATOXYLIN  (('un,,0,).  The  colouring  matter  of  logwood 
<ioes  not  «»cciir  ready  formed  in  the  cells,  but  in  the  form  of  a  com- 
pound, hermatoxylin,  which  becomes  piir{)le  on  oxidation. 

II:cmatoxylin  was  first  discovered  by  Chevreul*  in  1810,  anti 
terme<l  hcemntin  by  him,  a  name  subsequently  changed  to  hcema- 
torylin  by  Erdmaun.  t  ">  order  to  prevent  confusion  with  the 
colouring  matter  of  bltKxI. 

It  was  obtained  by  Hesse  %  in  the  form  of  colourless  crj'stals  contain- 
ing 3  molecules  of  water  (which  they  lost  at  1 20°  C),  by  extraction  with 
ether  containing  some  water  and  in  the  presence  of  alkali  bisulphite. 

Properties.  IIa;matoxylin  has  a  sweet  taste  and  is  slightly  soluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  The  cr>'stals 
turn  red  on  exposure  to  the  light  (in  the  absence  of  air)  without 
changing  in  eom|>osition. 

Solutions  of  silver  and  gold  salts  are  rapidly  reduced  by  them,  as  is 
also  the  case  with  Fehling's  solution.  Stannous  chloride  gives  a  rose- 
coloured  precipitate,  ferrous  ammonium  sulphate  a  slight  violet  black 
precipitate,  and  lead  acetate  a  white  precipitate  changing  to  blue. 

On  dr>'  distillation  haematoxylin  yields  pyrogallol  and  resorcinol 
(or  a  derivative). 

From  a  consideration  of  the  results  obtained  on  acetylation 
Reim  §  concluded  that  Icrmatoxylin  had  the  constitutional  fornuila  : 

r,H,(0H)3 

I 
C,H,(OH), 

*  Ann.  Chim.  Pkjft.,  1812,  Ixxxii,  53,  126. 

t  ^nii.  Ckem.  Pkarm.,  1842,  xliv,  292.  %  ^^*^'  lS59>  <^  33^ 

I  Ber.  d.  d.  ehem.  (?e«„  ir,  329. 
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•  HiEMATEIN  (C„H„0,).  The  colouring  principle  of  logwood, 
which  is  hrst  formed  by  the  oxidation  of  the  pre-existing  htemntoxy- 
lin,   was  discovered   by  O.   Erdtnann  (loc.  cit). — C',,II,,0,  -i  O  — 

c„ii„o,  F  n,o. 

It  forms  snuill  anhydrous  yellowish-green  crj'stals  with  a  metallic 
lustre.  These  are  only  slightly  soluble  in  water,  alcohol  or  ether, 
though  the  solution  in  water  (u.o6  j)ercent.  at  jo"  C.)  has  an  intense 
colour. 

It  is  readily  soluble  in  alkalies  yielding  viokl  «r  purplish  bniun 
compounds.  The  ammonium  compound,  C,,H,jO,.2NH,  is  pre- 
cipitated by  most  metallic  salts.  Thus  it  yields  a  violet  blue  pre- 
cipitate with  copper  sulphate,  a  dark  violet  with  alum,  and  a  black 
one  with  iron  ammonium  sulphate,  whilst  it  reduces  a  solution  of 
silver  nitrate  (Hesse).* 

Ilxmatein  is  reduced  to  hsematoxylin  by  treatment  with  sulphur 
dioxide  or  hydrogen. 

ISO-H^IMATEIN.  When  ha-matein  is  treated  with  concent nited 
sulphuric  acid,  it  dissolves,  forming  a  brown  solution,  from  which,  on 

standing,    a    crystalline    compound,       *•    ".  •VSOi,    is   deposited 

(Hummel  and  Perkin).f 

If  hydrochloric  acid  be  heate<l  with  haniatcin  in  a  sealed  tube  the 
colour  of  the  solution  changes  to  dirty  yellow,  and  on  eva|>orating  the 
liquid  a  crystalline  deposit  of  iso-ho^matein  hydrochloride  is  left.  By 
treating  this  with  silver  hydroxide,  and  concentrating  the  solution  in 
vacuo,  iso-hamaiein  is  left  as  an  amorphous  mass  with  greenish 
metallic  lustre. 

Iso-h«>matein  has  the  same  comfrasition  as  ha^matein.  which  it  also 
resembles  in  its  general  reactions,  though  many  of  the  metallic  com- 
pounds have  a  more  reddish  shade  of  puri)le. 

ADDITION  OF  LOGWOOD  TO  GALL  INKS.  The  advantage  of 
adding  a  small  proportion  of  logwood  decoction  or  extract  to  iron 
gall  inks  has  long  been  known.  In  1763  LeiviaX  made  a  series  of 
experiments  to  determine  whether  such  an  addition  had  any  in- 
jurious effect  upon  the  stability  of  the  ink.  and  found  that  the  colour 
of  the  ink  was  materially  improved  without  lessening  its  permanency. 

He  rcconunended  an  ink  consisting  of  3  parts  of  galls,  i  <»f  ferrous 
sulphate,  and  i  of  logwoixl  in  40  to  60  parts  of  water,  with  gum  arabie 
in  the  proportion  of  }  part  to  20  of  ink. 

Kislrfs  I^tfpvnod  Gall  Ink  §  was  prepared  from  the  following  in- 
gr<'<licnts  :  I.ogwo(Kl,  S  07..  ;  ferrous  sulphate.  Hoz.  :  vinegar,  )  quart; 
rain  water,  \  (junrt  :    imIK,   1  07,.  ;   gum  arable,  4  oi.  ;   aduni.  i  07..  ; 

•  foe.  e»t  Her.  d.  d.  eMem.  0t4.,  xr,  23  i;. 

X  loc.  eit.  i».  377.  s  Dini^asa,  1770^  p.  8. 
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and  iudigo,  i  uz.  The  ink  wok  left  for  fourteen  days  in  the  t>un  before 
using. 

Ribfaucourt  *  in  1 792  agreed  with  Lcwis'n  statement  as  to  the 
11(1  vantage  uf  logwood  in  iron  gall  ink.  and  recommended  that  its  pro- 
portion should  be  half  that  of  the  galls. 

Thfse  earlier  results  have  l>een  fully  confinned  in  our  time  by  the 
experiments  of  Schlultig  and  .\>imi«««,t  who  found  that  ink  pre- 
pared from  hiematoxylin  and  iron  was  even  more  permanent  than 
those  prepared  from  gallotannic  or  gallic  acids. 

ReitTs  Gallic  Acid  Logwood  Ink.  Reid  X  found  that  when  gallic 
acid  was  employed  in  place  of  gallotannic  acid  log>*-ood  might  be 
added  in  the  proportion  of  i  J  i>arts  to  i  part  of  the  former. 

He  preparetl  an  ink  on  these  lines  by  exjMJsing  a  decoction  of  galls 
(i  lb.),  to  the  air  for  ten  days  with  occasional  daily  agitation,  so  as  to 
convert  the  gallotannic  acid  into  gallic  acid,  and  then  adding  a  decoc- 
tion of  logwood  (i  J  lbs.),  iSoz.of  ferrous  sulphate,  and  iS  oz.ofgum. 

This  ink  is  decomposed  by  alkalies  and  alkali  carbonates,  the  iron 
being  precipitated. 

LOGWOOD  INKS  WITHOUT  TANNIN.  Since  haimatoxylin,  the 
active  aj^ciit  in  logwood,  contains  three  adjacent  hydroxyl  groups  it 
follows  the  general  rule  established  by  Schlutiig  and  Neumann  of 
yielding  an  ink  with  iron  salts. 

The  iron  logwood  inks  have  a  greenish  shade,  which  grmlually 
changes  to  black  as  the  writing  dries.  Alum  logwood  inks  have  a 
deep  violet-black  colour,  and  chromium  logwood  inks  a  violet  colour 
changing  to  black.  Chromic  acid  added  to  logwood  gives  a  deep 
black  precipitate,  whilst  potassium  chromate  yields  a  black  ink,  and 
if  added  in  excess  a  black  precipitate. 

In  fact,  as  FiV<//§  has  shown,  precipitates  are  gradually  formed  by 
oxidation  in  logwood  inks  containing  alum  or  iron  or  copper  salts, 
though  more  slowly  than  in  iron  tannin  ink.  The  addition  of  log- 
wooti  in  excess  does  not  prevent  this,  but  the  deposition  is  retarded 
for  a  long  time  by  completely  excluding  the  air. 

Reinige's  Iron  Logwood  Ink.\\  This  may  be  taken  as  a  typical  ink 
of  this  class.  It  is  prepared  by  dissolving  2  grms.  of  logwood  extract, 
and  3  grms.  of  ferrous  sulphate,  in  100  c.c.  of  water,  then  adding 
10  grms.  of  crystalline  sodium  carbonate,  and  finally,  2  grms.  of  oxalic 
acid.  After  complete  settlement  the  ink  is  decanted  from  the  sedi- 
ment, and  a  suitable  proportion  of  gum  added. 

This  ink  gives  a  go<Ki  black  writing,  but  wc  have  found  that  the 
characters  become  somewhat  brown  after  two  or  three  months. 

*  Ann.  rf<  Chim.,  1 792.  xv,  113.  f  Die  EitengaUuatinten,  p.  33. 

X  P kilos.  Mag..  1827.  ii.  115. 

$  IhngUr'n  polyt.  Joum      t.s-^,  ccxvi,  456.  '  Ibid.  1857,  cxliii,  240. 


94  INKS  AND  THEIR  MANUFACTURE 

The  writing  gives  a  red  colonition  with  hydnxrhloric  nml  otli.  r 
acids,  due  to  tlic  k>KW()o<l,  and  a  bhiish-^^reen  with  ueidilied  |N)taMiiuiii 
fcrr(K-yanidc  solutidti  indicating  the  iron.  It  is  f^radiialiy  hleaehed 
by  bromine  water. 

Heid  *  wlio  investif^ated  the  character  of  the  inks  formed  on  adding 
ferrous  sulphate  to  logwowl,  found  that  the  jfreenish-bhie  compound 
first  formed  was  gradually  oxidised  to  a  brownish-blaek  eom|>ound. 
Copious  deposits  were  given,  however,  by  such  logwocwl  iron  inks,  and 
hence  /;<'irf  concluded  that  logw(K>d  shoidd  not  be  employed  alone,  or 
should  not  exceed  a  third  of  the  aiiuiunt  of  the  galls  in  mixed  inks. 

lioltfier's  Alum  Copper  Logicoofl  Ink.'f  This  is  prepared  by  Ixiiling 
I  part  of  alum,  2  of  copper  sulphate,  and  .\  of  log>\<MMl  extract  with 
48  parts  of  water,  and  filtering  the  solution.  The  filtrate  is  a  red- 
violet  ink,  which  writes  pale  violet,  but  nipidly  darkens  and  sfKin 
becomes  jet  black. 

On  treatment  with  bromine  water  the  writing  is  changed  to  r«  il. 
and  then  to  faint  brownish  yellow. 

The  great  drawback  of  the  ink  is  its  instability,  aiul  it  m(i.<>t  In- 
kept  in  tightly  corked  bottles,  which  should  contain  as  little  air  as 
possible.  Ink  prepared  by  us  and  kept  in  a  corked  Inittle  containing 
air  had  yielded  a  dense  deposit  in  six  weeks,  and  gave  only  faint 
writing. 

I  'iolel- Black  Rouen  Ink  ( Encre  bleu  rouennaise).  %  This  consists  of 
a  decoction  of  y,  parts  of  logwood  in  (kjo  parts  of  water,  to  which  is 
added  3  J  parts  of  alum,  3  parts  of  gum  arabic,  and  i  \  |>arts  of  sugar 
candy.  The  ink  is  allowed  to  stand  for  two  or  three  days  and  then 
strained. 

Inks  containing  only  logwiKxl  and  alum  write  with  a  reddish-violet 
colour,  which  gnulually  cb-niL""-  ♦••  ?»  <!M-k  h.,.ii,,i.  m..«  •i1,v..Iii».  k 
black,  shade. 

VietWs  Copper  Lo^-.vnod  hik.if  in  J  mit  >  ii|>iiiii>ii  i  i>|i|m  1  siiij>ti;iii 
shouhl  always  be  iiscd  in  preference  t«>  ferrous  sulphate  in  l«»gw«MMl 
ink.  since  it  gives  a  blacker  writing. 

He  reconunends  the  following  fornuila  :  Logwrnnl  extract,  20  kilos 
in  200  kilos,  of  water,  mixed  with  a  solution  of  10  kilos,  of  ammonium 
alum  in  20  kilos,  of  lK»iling  water,  and  the  mixturt*  treated  with  o.z 
of  sulphuric  acitl  and  1.3  <»f  e<»piHT  sulphate  in  20  litres  of  water. 

In  order  to  obtain  a  darker  licpiid  the  ink  is  ex|M»se<l  to  the  air  for 
some  days  before  being  lM>ttle<l.  thus  prtMiueing  a  "provisional 
colouring."  similar  to  that  given  by  indigo  in  **  ali/jirine  "  inks.  Inks 
of  this  tyfie  are  sold  under  different  names,  e.g.  Chrmnilz  rio/rl- 
blaek  ink. 

X  Ibid.  1859.  lUij,  77.  i  Jb"l 
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To  obviate  the  paleness  of  the  writing  given  by  such  inks  as  this 
Stark  lias  prepared  a  writing  and  copying  ink  which  gives  immediate 
black  characters  by  adding  a  little  chromatc  to  a  cup[)cr  logw(X)d  ink, 
the  chrome  ink  in  this  case  representing  the  "  provisional  colouring  " 
matter  {cf.  p.  ii). 

Vifdt  {loc.  cit.)  states  that  he  has  never  known  an  ink  of  this  kind  to 
gelatinise. 

A  great  objection  to  all  logwtMxl  copper  inks  is  that  they  cannot  be 
used  with  steel  pens,  which  gradually  withdraws  the  copiR'r  from  them. 

The  addition  of  free  sulphuric  acid,  as  in  Viedfs  cop|>er  logwood 
ink  (supra),  retards  the  formation  of  a  deposit,  but  causes  the  ink  to 
cornMlc  steel  {K^ns. 

CHROME  LOGWOOD  INKS.  Range  *  discovered  that  by  adding 
a  very  small  projMJrtion  of  iK)tassium  chromate  to  a  decoction  of  log- 
wo4m1  a  deep  black  fluid  was  obtained,  which  could  be  used  at  once  as 
a  writing  ink,  though  by  increasing  the  amount  of  chromatc  a  black 
precipitate  was  prcnluced. 

Range's  Chrome  Ink.  This  was  originally  prepared  by  boiling 
lo  lbs.  of  logwoi^Mi  with  water  until  80  lbs.  of  decoction  were 
obtained,  and  adding  potassium  chromate  in  the  proportion  of 
I  part  in  1000. 

If  solid  extract  of  logwood  be  used,  15  parts  are  dissolved  in  1000 
parts  of  water,  and  i  part  of  potassium  chromate  added. 

Range  claimed  for  this  ink  the  advantage  of  yielding  permanent 
black  writing,  and  of  not  acting  upon  steel  pens. 

Gopel  t  considered  that  Rangers  fonnula  had  too  large  a  propor- 
tion of  logwood,  as  shown  by  the  red-brown  edges  of  drops  of  the 
ink  on  white  blotting  paper,  and  advocated  the  following  propKjrtions  : 
logwomi  extract  24,  jwtassium  chromate  2,  and  water  1000  parts. 

In  the  proiM)rtion  recommended  by  Karmarsch  (i  of  chromate  to 
8  of  logwootl  extract),  the  ink  is  too  grey,  pointing  to  an  excess  of  the 
chromate. 

iVlthough  RungeYi&d  been  able  to  use  his  ink  continuously  for  two 
years,  it  has  been  found  by  others  that  after  a  time  a  coagulation  due 
to  some  unknown  cause  may  occur. 

Strin  X  made  numerous  experiments  to  find  a  remedy  for  this,  and 
eventually  found  that  the  addition  of  4  grains  of  mercuric  chloride  to  a 
bottle  licpiefled  the  coagulated  ink  and  prevented  it  from  becoming 
thick  again. 

Viedt,  §  however,  as.serts  that  Stein's  remedy  is  useless,  and  that  a 
Ixtter  remedy  is  the  addition  of  sodium  carbonate,  as  in  Bottgefs 

•  'iriindriss  dfT  Chtm.,  1847.  ii,  205  ;  Dingler'a  polyi.  Joum.,  1848,  cix.  225. 
+   l><n,ilfr"»  jnliit.  Joum.,  1859.  cli,  80. 

'     '    -^ --  I  jiij^  1875.  co\-ii,  76. 
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writing  and  copying  ink  (infra).  He  found  that  Kuch  ink,  when  kept 
in  a  well-cloNcd  inkstand,  remained  fluid  for  two  ycare,  and  hence 
conclude<l  that  the  best  means  of  preserving  the  ink  wa«  completely 
to  exchide  the  air. 

Bottger's  Modification  of  Range's  Ink.*  Fifteen  parts  of  logwood 
extract  are  dissolve<l  in  900  parts  of  IwiUng  water,  and  4  parts  of 
cr^'staUinc  Notiium  carbonate  dissolved  in  the  clear  decanted  solution  ; 
a  solution  of  i  part  of  |K)tassium  chromatc  in  100  parts  of  water  is 
finally  added. 

We  have  prepared  ink  by  each  of  the  al)ove  metliods.  Runge'a 
original  formula  gives  an  ink  which  yields  very  black  characters,  but 
requires  the  pen  to  be  frequently  filled,  or  the  writing  appears  faint. 
The  ink  kept  in  a  test-tube  closed  with  cotton  wool  was  perfectly 
liquid  after  three  months,  though  it  then  yielded  writing  with  a 
browner  tinge. 

A  sinmltaneous  experiment  in  which  a  drop  of  formalin  had  l)crn 
added  to  the  ink  gave  analogous  results. 

Ink  prepared  at  the  same  time  by  liottgrr's  modificatiun,  and  kt-pt 
in  a  large  well-closed  flask  (containing  air),  had  a  slight  mould  on  the 
surface  and  gave  dirty  brown  writing.  Hence  the  addition  of  i»hrnol 
or  other  preservative  is  essential  for  this  ink. 

According  to  Viedt,  Plaster's  "  Chrome  Ink  Pmcder''''  luui  I'min- 
leCs  "  Ink  icithoat  Acid,''^  are  imitat  ions  of  Range's  original  ehroi  1  k  i  t  i  k . 

"A  blue  black  ink,"  consisting  of  logwood  decoction  and  chrome 
alum,  gives  writing  which  is  too  pale  and  grey. 

Bichromate  iMguxtod  Ink.'\  One  hundred  parts  of  logwood  extract 
are  dissolved  in  <Soo  parts  of  lime  water,  and  when  solution  is  com* 
plete,  3  parts  of  phenol  and  ^5  parts  of  hydrtM^hloric  acid  are  intro* 
duccd,  and  the  whole  left  for  thirty  minutes  on  the  hot-water  bath. 
It  is  then  cooled  and  filtered,  30  {tarts  of  gmn  arable,  and 
3  parts  of  potassium  chn>mate  added,  and  the  ink  diluted  to  uy.\kr 
1 800  parts. 

This  ink  is  violet-red  in  colour,  and  the  writing  at  hrst  ap|M>ars 
reddish-brown,  but  rapidly  darkens,  luid  within  five  minutes  has  a 
bluish-blaek  tint.  It  keeps  well  and  yields  very  little  deposit,  but. 
owing  to  the  amount  of  free  hydnn-hlorie  jieid  present,  it  has  a  con- 
siderable action  ujion  steel  {x'us.  Thus  in  one  of  our  experiments  a 
pen  left  in  the  ink  had  lost  4.5  per  cent,  in  weight  after  six  weeks, 
whilst  the  ink  itself  luul  be<*ome  semi-solid. 

The  basic  chloride  and  acetate  of  chromium  arc  sometimes  used 
instead  of  fM>tassium  chromatc  in  chrome  inks  in  order  to  IcMcn  the 
tenileney  to  gelatinise. 

•  DimjUr'n  piJtft.  Jourm.,  1K59,  cU.  431  ;    l86g,  cxci.  1 75. 
t  Ibid.  l88j,  ccxiv.  475. 
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Dietehch's  School  Ink.  Dieterich  *  rccunmiciuls  the  following  us  a 
olu-ap  and  effective  ink  for  school  purposes  :  200  parts  of  a  20  per  cent, 
solution  of  logwood  extract  arc  diluted  with  500  parts  of  water  and 
heated  to  90°  C.  A  solution  of  2  parts  of  potassium  bichromate,  50 
of  ohnnne  alum  and  10  of  oxalic  acid  in  150  parts  of  water,  is  then 
added,  «lrop  by  drop,  and  the  mixture  maintained  at  90°  C.  for  thirty 
minutes,  and  then  diluted  to  1000  purtj>  and  mixed  with  i  part  of 
phenol.  After  standing  for  two  or  three  days  it  is  decanted,  and  is 
then  ready  for  use. 

H.ffMATEIN  INKS.  Inks  pre|)ared  with  hannatein  in  place  of 
loj^wood  I'xtracl  havt-  more  brilliant  shades,  but  are  wanting  in  lustre, 
and  are  readily  decomposed  on  heating. 

An  alkaline  haematein  ink  is  prepared  by  mixing  12  parts  of  ha:ma- 
tein  with  720  parts  of  water  for  two  hours  at  about  20°  C,  and  then 
decanting  the  liquid,  heating  it  to  30°  C,  and  adding  3  parts  of  crystal- 
line sodium  carbonate.  When  cold,  0.5  part  of  potassium  chromate 
in  48  parts  of  water  is  gradually  added  with  constant  stirring,  and 
lastly  1 2  parts  of  gum  and  0.5  part  of  phenol,  with  sufficient  water  to 
make  960  parts  of  ink  in  all. 

Schmieden's  Acid  Hiematcin  ink  consists  of  24  parts  of  haematcin 
dissolve<l  in  water  (760  parts)  at  a  temperature  not  exceeding  39°  C, 
then  acidified  with  80  drops  of  strong  sulphuric  acid,  mixed  with  a 
solution  of  4  parts  of  ferrous  sulphate  in  48  parts  of  water,  12  parts  of 
hydrochloric  acid,  and  diluted  to  960  parts,  a  suiticient  quantity  of 
glim  being  subsequently  added. 

This  ink  is  dark  red  in  colour,  and  gives  dark  red  writing,  which 
changes  to  brown  and  then  to  black  within  twelve  hours. 

Vor  other  formula-  of  logwood  inks  see  Copying  Inks,  chap.  xii. 
USE  OF  LOGWOOD  IN  PATENT  INKS.  Logwood  frequently 
occurs  as  an  ingredient  of  patented  inks.  Thus  it  is  used  in  Whit- 
field's Indelible  Safety  Ink  (Kng.  Pat.  No.  7474  ;  1837),  whilst  Scott 
(Kng.  Pat.  No.  8770  ;  1840)  prepared  a  similar  indelible  ink,  con- 
sist ingof  a  logwood  iron  ink  with  the  addition  of  gum,  indigo,  Prussian 
blue,  gas-black  and  iron  nitrate. 

In  J.  Readers  patent  (Eng.  Pat.  No.  1 1,474  ;  1846),  the  precipitate 
obtained  by  adding  metallic  salts  (iron,  copper,  potassium  bichro- 
mate) to  logwooti  extract  is  incorporated  with  a  printing  ink. 

In  1856  (Eng.  Pat.  342),  C.  and  G.  Swann  claimed  an  ink  prepared 
by  adding  i^tassium  bichromate  with  a  sufficient  quantity  of  potas- 
sium bicarbonate,  ]K>tassium  chlorate,  mercuric  chloride  and  ammonia 
to  a  decoction  of  logwood. 

Undencnod  (Kng.  Pat.  No.  1 1 1 2  ;   1857)  patented  a  logwood  copy- 
ing paper  (m'c   chap,   xii.),   whilst  logwood  and   ha>matoxyiin  ink 
•   Pharm.  Manual,  i8<,7   p.  685. 
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powders  were  claimed  by  Coolry  (Eng.  Pat  -.7).  liyjonl 

(Eng.  PhI.  No.  974  ;  1876),  and  Grilnvmld  (V.iv^.  I'ai.  Nu.  <juy  ;  iNSi). 

Joly  (Eng.  Pat.  No.  4484  ;  1875)  prepared  an  ink  by  the  action 
of  tiingstic  acid  upon  colouring  matters,  such  as  those  of  logwood, 
elderberries,  Ac. 

Fonseco  and  Co.  {Kng.  Pat.  No.  859  ;  1883)  used  logwood  as  an 
ingredient  of  an  indelible  carbon  ink  ;  and  Frushcr  (Eng.  Pat.  No. 
8241  ;  1 885)  has  patented  the  manufacture  of  ink  from  waste  logwood 
and  potassium  bicromate  from  <ly«'injr  processes. 

Vanadium  Inks. 

The  discover}'  of  the  fact  that  ammonium  vanadate  forms  a  black 
ink  with  ^ullotnnnic  acid  is  attributed  to  licrzrliuji,*  but  we  have  lieen 
unable  to  discover  any  reference  to  the  subject  either  in  the  JahreS' 
berichte  or  Lehrhuch  of  Uerzflius.  The  statement  that  this  ink  is  of  a 
very  permanent  character  has  been  copied  from  one  text-b<M»k  tt> 
another,  and  is  still  found  in  different  standard  works  on  chemistry. 

In  18^9  Appclbaum  \  made  a  numl>cr  of  exiKriments  with  inks 
thus  prepared  from  pill  extracts  and  solutions  of  pure  pillotannic 
acid,  and  found  that  both  the  ink  itself  and  the  writing  faded  after 
the  lapse  of  a  few  weeks.  Hence  he  doubted  wl"it>.  r  ft.r-.hu^:  )i-i<i 
ever  made  any  experiments  with  the  ink. 

We  have  rejwated  the  work  o{  Appelbaum  J  ami  mn  ii'iiiiim  »ii.ii 
he  says  about  pill  vanadium  inks,  though  we  find  that  ^allotannic 
acid  gives  an  ink  of  somewhat  greater  permanency  than  was  found  to 
be  the  case  by  him. 

It  has  l>cen  shown  by  Mitchell  that  the  law  established  by 
Schlutlig  and  Seumaiiti  (p.  64).  for  iron  salts  also  applies  to  anunonium 
vanadate — i.e..  that  it  yields  black  ink  with  substances  ctmtaining 
three  adjacent  hydroxyl  groups.  Thus  gallic  acid.  logwcMni  extract, 
hirmatoxylin  and  pyrogallol  combine  with  anunonium  metavanadate 
to  form  black  inks,  whilst  phenol,  benzoic  acid,  saccharin.  ^^  •■  '<•>  »'>< 
form  such  compounds. 

None  of  these  inks,  howewr,  has  pro\Td  !tatisfoct<>i  \  ■■■  hi* 
hands,  .\lthough  they  give  an  immediate  black  writing,  the  charac- 
ters  gradually  turn  yell<»w,  even  when  protected  fn»n»  the  light. 
Ilenct'.  apart  from  the  question  of  ex|)ense,  anuncinium  vanadate 
cannot  be  n-garded  as  a  suital>le  constituent  of  writing  inks. 

It  has,  however,  lM*en  claimed  as  an  addition  to  inks  in  various 
patents.  Thus  Pinhiry  (Eng.  Pat.  No.  2745.  of  1S71)  pre|»arrH  an 
ink  fmm  an  aniline  salt  with  a  salt  of  vanadium  or  uranium  and  an 

•  DingUr'u  polyf.  Jomm,.  1835,  Ivi,  .'37.  t  Ibid.  lS.<<o.  rrlxxi.  433. 

X  Analifm,  1903.  xxriii,  146. 
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oxidiMing  ugi-iit  ;  und  u  similar  patent  was  taken  out  by  Graxcitz  (Kng. 
Put.  No.  I  o.:o  ;  i  S75).  The  use  of  vanadium  is  elaimed  by  llickisson 
as  a  constituent  of  a  niurkin^  ink  (Kng.  Pat.,  No.  51^2  ;  1H78),  whilst 
it  is  also  used  by  Just,  Weiler,  and  Heidepriem  in  their  patent  safety 
ink  (Knjj.  Pat.  16.757  ;    1S90). 

Mitchrll  (Inc.  cit.)  has  described  certain  reactions  of  vanadium 
enabling  vanadates  to  be  readily  distinguished  from  cliromates, 
which  are  frequently  very  similar  in  colour. 

Black  Aniline  Inks. 

The  formation  of  aniline  black  in  a  fine  state  of  diN^sion  within  the 
fibres  of  the  |Mi|K*r  was  descriljed  by  Jacobsen  as  an  indelible  ink  for 
writing  or  marking,  though  it  has  chiefly  been  used  for  the  latter 
purjMJse. 

Various  brands  of  nigrosine,  which  are  the  sodium  salts  of  the  sul- 
phonic  acids  of  anilidophcnyl-  anilidcxliphenyl-  and  dianilidrKiiphenyl- 
safranin-hydrochloride,  are  used  in  the  preparation  of  a  black  writing 
ink.  Tliey  are  readily  soluble  in  water,  and  when  dissolved  in  the 
proportion  of  about  i  part  in  80  yitld  a  solution  which  flows  readily, 
dries  to  a  good  black,  and  has  no  action  on  metallic  pens.  The 
solution  keeps  well,  and  the  writing  resists  the  action  of  different 
chemical  reagents,  although  it  can  be  removed  or  smudged  by 
water,  and  lacks  the  permanency  of  good  iron  gall  ink. 

Coupler  and  Collins'  "  Indulin  ink,"  *  which  was  awarded  a  prize 
in  Paris,  was  a  blue-black  ink  which,  according  to  Viedt,  contained 
nigrosine  or  similar  aniline  dyestuffs. 

Solutions  of  nigrosine  were  sold  under  the  name  of  "  stylographic 
ink  "  when  first  manufactured  in  1867,  owing  to  the  readiness  with 
which  they  flowed  from  stylographic  jHjns. 

Particulars  of  other  aniline  inks  are  given  under  Coloured  Inks  in 
chap.  vi. 

Inks  from  Benz*;ne  Debivatin'es. 

Fieehler'\  has  described  the  preparation  of  inks  from  benzene 
deriN'atives,  such  as  aniline  nitrol)enzene,  nitrobenzoic  acid  and 
similar  comiwunds,  which  when  heated  with  sulphuric  acid,  yield 
coloured  substances  soluble  in  dilute  solutions  of  alkalies  or  alkali 
carbonates  to  form  inks. 

.\niline  sulphate  yieUls  a  bluish-grey  ink,  chloronitrobcnzene,  a 
red-violet  ink,  and  nitrobenzoic  acid,  a  blue  ink.  The  product 
obtained  from  aniline  can  be  used  for  leather,  or  for  printing  ink. 

•  IHngler^a  1>oi^.  Joum.,  1 867,  clxxxiii,  78. 
t  Chftn.  Zfif..  loii.  xxxT,  115.  1066. 


CHAPTER  VI. 
COLOURED  WRITING  INKS. 

CoKTSKTS. — Hifltorical   :  Coloured  aniline  inks   :   FugitiveneM   of 

aniline  inks  :  Patented  coloured  inkH  :  Anaiyxls  of  aniline  inks  and 

dyes  :  Separation  :  Identification  :  Tc8t8  for  colounMl  inkK  :  Quantita- 

tive  methods  of  estimating  dye-stuffs. 

HISTORICAL.  One  of  the  earliest  rcferenees  t<)  the  u.sc  of  a  coloured 
ink  is  by  Plutarch,  who  mentions  a  red  ink  {nvppoy  fianpia)  with 
which  certain  letters  were  marked  on  the  <loors  of  the  dikasts  in 
Athens.  Red  ink  compounded  with  minium  or  vennilion  seems  to 
have  been  used  for  the  titles  of  books  among  the  Romans,*  whilst 
Sidonitis  (vii.  12)  states  that  nibrica  (red  ochre)  was  used  for  the  same 
purpose.  It  is  interesting  to  note  that  our  word  *'  nibric,"  which  is 
applied  to  the  titles  of  subsections  printed  in  red,  thus  finds  its 
origin. 

A  reddish-pur])le  ink  was  prepared  by  the  Romans  from  the  Murex, 
the  mollusc  which  yielded  the  famous  Tyrian  <lye.  Monlfnucon  was 
of  opinion  that  this  was  the  source  of  the  ink  used  by  the  Byuintine 
EmjKrrors  in  their  signatures  to  documents.  In  fact,  the  use  of  any 
red  ink  was  forbidden  to  any  one  excepting  those  of  royal  blood.f 

If  the  Emperor  was  still  a  minor,  his  guardians  signed  for  him  in 
green  ink,  the  general  use  of  which  was  probably  also  interdicted  to 
some  extent.  According  to  Astle,  J  ink  of  this  colour  was  frequently 
used  in  Latin  manuscripts,  though  rarely  found  in  charters  ;  but  his 
remarks  apply  to  later  ages. 

The  same  authority  stated  that  blue  and  yellow  ink  seldom 
occiirrcd  in  old  manuscripts,  and  that  he  knew  of  no  instance  of  the 
latter  l)eing  used  later  than  woo  a.d. 

(k)ld  and  silver  inks  were  use<l  by  bolh  (ireek  and  Roman  Empemrs 
at  later  |)erifMls.  These  probably  consistetl  of  the  finely  divided 
metals  incor(Kirnted  with  some  adhesive  medium,  such  as  gum. 
Metallic  writing  of  this  character  was  sometimes  burnished  or  coated 
with  wax. 

}Vecker{De  Secretis,  1582)  gives  details  of  the  comptvsition  of  ink  of 
different  colours,  and  refers  to  gold  and  silver  inks. 

In  the  work  of  Canneparius  f  ■<■'-•>   to  which  we  \ui,<  :;..,,uutly 

•  Ovid,  Tritt.,  I.  I.  7.  t  Cod.  Justin,  1,  [23]. 

X  Origin  0/  Writing,  1803.  p.  joy. 
100 


COLOURED  WRITING  INKS  101 

I'  ferrcd,  various  fonnule  for  coloured  inks  appear,  such  as  solution 
of  vcnligris  in  vinegar  for  green  ink,  Ac. 

The  use  of  both  indigo  and  logwcKxi  as  dye-stuffs  was  forbidden  in 
England  in  the  rcigi»  of  Elizabeth,  and  the  Act  was  not  reixaleil  until 
the  reign  of  Charles  II.  {vide  supra).  After  that  they  gradually  came 
into  use  as  constituents  of  writing  inks,  and  are  now  widely  employed 
in  the  manufacture  of  black  writing  inks. 

Inks  can  be  nuule  of  any  desired  tint,  for  a  variety  of  pigments  and 
dye-stuffs  are  at  the  manufacturers'  disposal ;  and  the  <liscover>-  of 
the  coal-tar  colours,  the  main  credit  for  which  is  due  to  Perkin,  has 
increased  their  resources  almost  indefinitely,  for  they  are  now  able  to 
match  any  ray  of  the  solar  spectnun.  Before  the  time  of  alizarine 
and  aniline  (185H)  the  maker  of  coloured  inks  had  recourse  to  the 
various  vegetable  and  mineral  products  which  have  been  used  from 
time  immemorial  for  dyeing  fabrics.  Thus  for  red  he  would  employ 
Brazil  wood  and  coihineal,  the  latter  having  a  disadvantage  in  the 
circumstance  that  caustic  ammonia  in  considerable  quantity  is 
necessant-  to  dissolve  it,  so  that  it  shall  remain  in  solution  and  How 
freely  from  the  pen.  But  cochineal  or  carmine  inks  were  expensive, 
and  they,  together  with  Brazil  wood  and  tin-salt  red  inks,  ceased  to 
be  manufactured  to  any  great  extent  when  the  more  brilliant  coal-tar 
colours  iR'came  availay)le. 

OLDER  FORMUUE  FOR  COLOURED  WRITING  INKS.  The 
following  recipes,  taken  from  various  sources,  are  typical  of  the  kind 
of  coloured  ink  prepared  from  pigments  other  than  aniline  dye-stuffs  : 

Red  Inks,  (i)  Cochineal,  i  oz.  ;  ammonia,  i  oz.  ;  and  water, 
I  quart  ;  the  infusion  being  decanted  after  three  days,  diluted  with 
water  to  the  required  intensity  of  colour,  and  a  little  antiseptic  added. 

(ii)  Brazil  wood  (powdered),  i  lb. ;  acetic  acid  (5  per  cent,  strength) 
I  gallon,  boiled  until  of  sufficient  colour,  and  the  extract  mixed  with 
8  oz.  of  gum,  8  oz.  of  alum,  and  a  little  antiseptic. 

Green  Inks,  (i)  Cream  of  tartar,  i  part  ;  verdigris,  2  parts,  boiled 
with  8  parts  of  water. 

(ii)  Copper  acetate,  i  oz.  in  i  pint  of  water. 

(iii)  Potassium  chromatc,  10  parts  ;  hydrochloric  acid,  10  parts  ; 
alcohol,  10  parts  ;  water,  30  parts.  Neutralised  with  sodium  car- 
bonate after  reduction  to  the  chromic  salt,  mixed  with  10  parts  of 
gum,  and  decanted  (Winckler). 

(iv)  Indigo  ink  mixed  with  a  1.25  per  cent,  solution  of  picric  acid 
(Stein). 

Blue  Ink.1.  (i)  Freshly  precipitated  Prussian  blue  triturated  with 
a  tenth  of  its  weight  of  oxalic  acid,  and  water  gradually  added. 

(ii)  Indigo  carmine,  10  parts  ;  gum,  5  parts ;  in  75  parts  of 
water. 
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Purple  Ink.  Infusion  of  logwood  mixed  with  copper  acetate,  gum 
anibic  and  alum  (S'ormnndy). 

Violet  Ink.     Indigo  blue  ink  mixed  with  cochineal  ink. 

YelUnv  Inks,  (i)  A  decoction  of  25  parts  of  Persian  berries 
(UhamuuH  amygdalinus,  dec.)  in  100  parts  of  a  3  iK*r  cent,  solution  of 
alum  mixed  with  4  parts  of  gum. 

(ii)  A  solution  of  gamboge  in  alcohol  (10  :  10)  mixed  witli  <;  imris 
of  gum  and  diluted  to  30  parts  with  water. 

(iii)  A  10  per  cent,  solution  of  picric  acid  containing  .  j^;  iii.;.  ..; 
gum. 

In  a  Report  to  the  Science  and  Art  Departimnt  in  1S88,  Dr.  Russell 
and  Sir  If.  Abney  summarised  the  results  of.their  exiK-riments  on  the 
stability  of  various  water-colour  pigments  ex|K>scd  for  two  yc^rs  to 
the  action  of  light  and  dry  air.  In  each  case  a  wash  of  8  tints  was 
applied  to  paper  of  the  same  size  and  quality,  and  the  slips  enclosed 
in  glass  cylinders,  so  arranged  that  free  circulation  of  air  took  place 
whilst  dust  was  excluded. 

In  the  following  list,  based  on  these  results,  the  different  pigments 
are  arranged  in  the  order  of  their  instability,  whilst  those  showing 
a  distinct  change  in  hue  or  depth  of  colour  are  marked  with  an 
asterisk  :  Carmine,*  crimson  lake,*  puq)le  madder,*  scarlet  lake,* 
Naples  yellow,*  olive  green,*  indigo,*  brown  madder,*  gamlMigi-.* 
Vandyke  brown,*  Indian  yellow,*  cadmium  yellow,  sepia,*  aureolin, 
rose  madder,  jHTmanent  blue,  Antwerj)  blue,  madder  lake,  vermilion, 
emerald  green,  burnt  umber,  yellow  (xrhre,  chrome  yellow,  raw  sienna, 
Indian  red,  Venetian  red,  burnt  sienna,  chromium  oxide,  Prussian 
blue,  cobalt,  ultmmarine  ash. 

When  ex|M>sed  to  the  action  of  moist  air  ver\'  few  of  the  pigments 
remained  unaffected,  and  none  of  those  of  organic  origin,  whilst  the 
Prussian  and  Antwerp  blues  were  completely  destroyed. 

Ex}H*riments  were  also  made  in  which  the  washes  o(  pigment  wtn 
protected  from  the  action  of  atmospheric  oxygen  and  moisture. 
The  vermilion  turned  black,  but  this  change  was  attributed  to  a 
physical  and  not  to  chemical  altenition. 

In  a  later  series  of  experiments,  to  <|uote  Sir  W.  Abney  a  wonls  : 

**  We  took  exactly  similar  tul)es.  drietl  the  |>a|x>rs  ver>*  carefully 
indeed,  clried  the  tuln*,  inserted  the  |)a|H*rs,  put  a  Sprengel  pump  to 
work,  and  nuuie  a  vacuum,  and  then  when  the  vacuum  was  ver>' 
complete,  sealed  off  the  top  and  ex|x>se<l  them."  I'nder  these 
stringent  conditions  only  live  colours  were  acted  u|K»n  in  the  \-ery 
least,  and  the  amotmt  of  change  was  ainmst  int|K'reeptible.  Tl»c  ^w 
that  were  changt*d  were  \<rtnili<>n,  raw  sicnua,  Pnissian  blue,  purple 
madder  and  sepia. 
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COLOIHKU    A.NILINK    InKS. 

AMILDIE  INKS.  Any  cuncfivubic  kind  of  red  tint,  from  niaf^nta 
to  the  most  brilliant  searlet.tran  now  be  obtained  from  the  makers  of 
eoiil-tar  colourn.  Some  of  these  colours  are  more  fitted  for  ink 
manufacture  than  others,  those  which  are  the  more  readily  soluble  in 
water  being  naturally  the  best.  The  red.  known  as  Eosine,  which  was 
disctjvered  by  Caro  in  1874,  was  early  reco^ised  as  a  valuable 
material  for  the  pur|>ose.  and  appears  to  be  more  used  than  any  other 
dye-stuff.  In  a({ueous  solution  Eosine  is  subject  to  the  formation  of 
a  fungoid  growth,  so  that  a  small  quantity  of  an  antiseptic  must  be 
added  to  the  ink  to  keep  it  in  good  condition  ;  othcrw-isc  its  rich  colour 
is  liable  to  change. 

As  in  the  case  of  red  inks,  the  manufacturerhas  a  number  of  different 
tints  of  blue  to  choose  from  in  the  coal-tar  colours.  They  are  most 
tempting  substances  to  employ,  for  the  suitable  ones  form  a  true 
solution  with  water,  and  as  a  general  rule  nothing  beyond  water  is 
required  to  convert  them  into  serviceable  inks.  The  first  aniline 
colour  which  was  tried  for  the  purpose  was  Hoffmann's  Violet,  dis- 
covere<l  in  1863,  a  dye-stuff  of  such  high  tinctorial  value  that  an  ink 
com|K»sed  of  one  part  of  it  in  200  parts  of  water  not  only  gives  a  most 
vivid  colour,  hut  will  afford  by  pressure  three  or  four  good  copies. 

FUGITIVENESS  OF  ANILINE  INKS.  Instances  of  the  instability 
of  ink  of  this  character,  which  is  largely  employed  for  tyi>ewriting, 
are  given  in  a  letter  to  the  Scientific  American  (Ap.  18,  1903).  The 
writer  states  that  typewritten  documents,  after  being  stored  for  six 
months  in  a  slightly  damp  place  were  illegible,  with  the  exception  of 
the  gall  ink  signatures. 

In  another  case  a  letter-book  was  wetted  with  water  used  to  ex- 
tingtiish  a  fire,  and  the  signatures  (in  gall  ink)  were  all  that  remained 
of  IOC  pages  of  correspondence. 

It  was  also  shown  by  Cross  and  Bevan  ♦  that  all  the  aniline  colours 
examined  by  them  when  dyed  on  fabrics  faded  more  or  less  on 
exjx)sure  to  sunlight,  whilst  Eosine  and  Methylene  Blue  were 
especially  fugitive. 

Of  recent  years  aniline  dye-stuffs  of  a  much  more  permanent  nature 
have  been  used  for  writing  and  printing  inks.  The  subject  is  further 
discussed  in  chap.  xi. 

The  following  table  gives  some  of  the  aniline  dye-stuffs  supplied 
by  the  Badische  Company,  Ltd.,  for  coloured  inks. 

See  also  Aniline  Black  Inks,  chap.  v. ;  Copying  Inks,  chap.  xii. ; 
and  Ink  Prrxdera.  chap.  xvi.     Printing  Inks. 

'  Joum.  Soc.  Arts,  1891,  xxxix.  152. 
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Aniline  Dye-stuffs  suitable  for  Writing  Inks 


Ooloar. 


Red. 


Tntde  name. 


Eosine,  Erythrooine 
and  Phloxine. 

Ponceau  Scarlet. 


Cotton  Scarlet. 


ScirotiBc. 


Alkali  8alt«  of  bromine  and  iodine 

compoundR  of  fluoreacein  and  of 

dichlorfluore«c£in. 
Alkali    saltn    of    xylidin-azo-    and 

cumidin  -  azo  -  naphtholdisulpbonk 

acidfl. 
Sodium  Hah  of  amido-azo-bcnzol-aKO- 

naphtholdisulphonic  acid. 


Green. 


Neptune  Orecn  8.G. 
Light    Green    S.F. 
(yellowish). 


Light    Green    S.F. 

(bluoish)- 
Diamond  Green  G. 

&  13. 


.\  triphenylmethane  dye  xtuff. 
Sodium  Halt  of  diethyl -ditienzyl-dia- 

midotriphenyl  carbinol  trisulpho- 

nic  acid. 
Sodium  Halt  of  the  dimethyl  com- 

I>ound. 
8alt8oftetra-ethyl-andti'tra  mcthyl- 

di  •  para  •  amido  •  triphenyl  carbi' 

dridcH. 


Blue. 


Indigo  Carmine. 
Soluble  Blue  T. 


Indigotin  sodium  diHulphonate. 
Salts  of  triphenylroHanilin  and  tri- 

phcnyl|>araro8anilin  •  trisulphonic 

acids. 


Violet. 


,4citl  Violet  4  B.L. 


Stnlium   Halt  of  totraethyldibenxyl- 
Itararosanilin-dimlphonic  acid. 


Vollow. 


Fast  Yellow. 


Tart  ratine. 


.Mixtures  of  the  aodium  sails  of 
amidoasobenxoldisulphonk.  mono- 
sul  phonic,  and  amido-axotoluoldi- 
sulphonio  acids. 

Sodium  salt  of  diphenyl-parasulpho- 
nio  aoid  or  of  axo-diozytArtArk 
•eid. 


COLOURED  WRITING  INKS  105 

From  inrormution  kindly  jjiven  to  the  writer  by  Messrs.  Read, 
Holliday  and  Sons  {British  Dyes.  Ltd.)  ink  manufacturers  will 
eventually  Im*  able  to  obtain  supplies  of  the  following  dyestuffs  of 
English  origin  : 

Ponceau  Scarlet.  Cotton  Scarlet,  Acid  Green  G.G.  (in  place  of 
Dianion<l  Green  G),  Malachite  Green  Cr\'stals  Y  (in  place  of  Dia- 
mond Green  B),  Indigo  Carmine,  Soluble  Blue,  Acid  Violet.  Fast 
Yellow  and  Tartni/ine. 

.\t  the  time  of  writing  the  demand  for  these  colours  is  far  in  excess 
of  the  supply,  but  steps  are  being  taken  to  meet  the  unexpected  state 
of  things  created  by  the  war. 

The  usual  pro|>orti«ns  that  we  have  found  to  yield  suitable  solu- 
tions for  writing  inks  are  about  i  granmie  in  50  to  80  c.c.  of  water, 
according  to  the  tinctorial  power  of  the  |>articular  dye-stuff.  The 
inks  thus  made  are  ver>'  fluid,  and  in  this  respect  particularly  suitable 
for  stylographic  and  other  descriptions  of  fountain  pens.  If  a  suit- 
able dye-stuff  be  used  there  will  be  no  precipitation,  and  therefore  no 
sus|)ension  of  particles  in  the  liquid.  There  is,  therefore,  no  need  to 
ad«l  gum  to  inks  of  this  description  ;  indeed,  such  an  addition  would 
tend  to  counteract  one  of  their  most  valuable  properties — their 
fluidity.  It  is  necesstiry  to  mention  this  point,  because  we  have  found 
many  published  formula:  for  aniline  inks  in  which  sugar  or  gum  is 
erroneously  iuchi<k(l  as  a  necessarj'  constituent. 

PATENT  (X)LOURED  INKS.  Rfade,  in  his  patent  (No.  11,474  ; 
1846),  claimed  the  use  of  inks  containing  "soluble  Prussian  blue," 
prepared  in  a  specified  manner,  and  of  a  red  ink  prepared  from 
cochineal.  A  lake  of  cochineal  extract  and  alum  dissolved  in 
ammonia  solution  was  also  claimed  by  Wood  in  1883  (Eng.  Pat. 
No.  1676). 

The  use  of  aniline  dyes  was  first  claimed  in  this  country  by  Croc  in 
i80i  (Eng.  Pat.,  No.  2972),  and  in  the  following  year  by  Annaud 
(Eng.  Pat.,  No.  675  ;  1862).  Pigments  from  aniline  waste  were  pro- 
|>ose<l  as  the  source  of  writing  inks  by  de  la  Rue  (Eng.  Pat.,  No.  2235  J 
1862),  whilst  aniline  dye-stuffs  were  again  patented  by  Jefferies  in 
1874)  (Eng.  Pat.,  No.  3391).  For  other  patents  in  which  coloured 
pigments  are  claimed  see  Copying  Inks,  Sympathetic  Inks,  Printing 
Inks,  and  Ink  Pmcders. 

ANALYSIS  OF  ANILINE  INKS  AND  DYES.  Several  schemes  for 
the  identification  of  dye-stuffs  have  been  published.  Among  those 
most  frequently  emploj'cd  are  the  methods  of  Rota,*  of  Weingartnrr, 
and  of  Green,  in  which  the  dyes  are  separated  into  well-defined  groups 
in  accordance  with  their  constitution,  and  then  subdivided  by  their 
behaviour  with  se|>arate  reagents. 

•  Chem.  Zeit.,  iSQS.'xxii,  437. 
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ROTA  S  METHOD.     The  aqtieouH  Molution  (r^.,  the  ink)  or  an 

alcoholic  solution  of  the  dye  is  diluted  to  about  i  :  10,000,  and  5  c.c. 
shaken  with  4  to  5  drops  of  stronj^  hydrm-hlorie  acid  and  4  to  5  dropo 
of  10  per  cent,  stannous  chloride  solution.  If  necessar>-.  the  liquid 
is  heated  to  hoilin^-point,  and  the  test  refieated  after  further  dilution 
of  the  dye-stuff  solution. 


Classificutiou  oj  Orf>auic  Colouring  Matters. 

A  portion  of  the  dilute  aqueous  or  alcoholic  Bolntlon  is  fn-atinl  »-ith  H<'1  ami 

SnClj. 


Comnlete    docoloriKation.      Ui'<lu<ihlo 

colouring  tnatt<'rH. 
The  coIourU'Hs  Holution  is  treated  with 

ferric  chloride  or  Hhaken  in  contact 

with  air. 


The  liquid  remains 

unchanged. 
Colouring     matters 

not  re-oxidisable. 


Class  I 

Nitro-.  nitroso-.  and 
azo-dyc8,  including 
azoxy-  and  hy- 
drazo-dyes. 


The  original  col- 
our re«torod. 

Rcoxi  disable 
colouring  mat- 
ters. 

Class  J I 

Indogenide-  and 
imido  •  quinone 
dye-stuffs. 


No  change-  further  than  with  HCl 
alone.  Non-reducible  colouring 
matters. 

Part  of  the  original  nolution  is 
warmed  with  20  per  cent.  KOH. 


Decolorisation  or 
a  precipitate. 

Imido-carbo- 
quinone  colour- 
ing matters. 

Class  III 
Amino  deriva- 
tives of  di-  and 
tri  -  phe  n  y  I  • 
methane,  aura- 
mines,  acri- 
dines,  and 
(liiinolincs. 


No  precipitation. 

( "olou  r  increaned. 
Oxy  •  carlK)  -  qui- 

now     colouring 

matters. 

Class  I  y 

Non-amide  di- 
phenyl- methane 
dye-stuffs,  oxy- 
ketone,  colour- 
ing matters 
(moiit  of  the 
natural  colour- 
ing matters). 
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METHODS  OF  WEING ARTNER  AND  GREEN.  Moliimri  •  giv«  the 
foiluwing  outline  einb(xlying  the  iuelliixb*  uf  Weingartner  and  Green. 

I.  Dye-sluJJs  Soluble  in  Water.  Add  to  aqueouM  sulution  lo  percent 
solution  of  tannin  and  lo  per  cent,  solution  of  sodium  acetate. 

A.  Precipitate  indicates  Basic  Colouring  Matters. 

(a)  Treat  solution  with  Zn  and  Ilt'I  ;  put  a  few  drops  of 
decolorised  liquid  on  filter  pa|K'r,  and  wave  the  pa|>er  in  the  air. 

(i)  Heapp<!anince  of  original  colour  indicates :  Azines, 
Oxazines,  Thiazines,  and  Acridines  {e.g.  Pyniuine,  Safranine, 
Rosinduiine,  Henzoilavin,  Indulin,  &c.) 

(ii)  Reappearance  of  original  colour  after  moistening  with 
one  drop  of  i  |>er  cent,  chromic  acid  solution  indicates  :  Rhoda> 
mines,  or  dyes  containing  a  triphenylmetlmne  group. 

(iii)  Non-ap[>canince  of  original  colour  indicates  :  Auramine, 
Thioflavin,  Chrjsoidin,  Janos  Colours,  Bismarck  Brown. 

B.  No  Precipitate  with  Tannin.     Acid  Dye-stuffs. 

(6)  Reduce  the  solution  as  in  (<i)  or  with  Zn  and  NH„  and  place 
drop  on  paper  and  wave  in  air. 

(i)  Reappearance  of  original  colour  indicates  :  Sulphonic  or 
Mordant  dyes  belonging  to  Azines,  Oxazines.  Thiazines,  soluble 
Indulin,  Nigrosines  or  Azocamiine,  Thiocarmiiu  .  Iiuiigocarmine, 
Gallocyanine,  Mikado  Orange. 

(ii)  Reappearance  after  treatment  with  clmimic  acid  or 
gaseous  ammonia.  Acidify  original  solution  with  II^SO,,  and 
shake  with  ether.  p:ther  extracts :  Phthaleins,  Auramines. 
Non-coloration  of  ether  ;   Triphenyl-methane  dyes. 

(iii)  Non-coloration  on  heating  the  pa|>er  or  treatn\ent  with 
ammonia  vapour,  indicates  azo-  nitn)-  nitrt>so-  or  hydrazine 
colours,  which,  when  burnt  in  |)owder  give  cohuire*!  va|M)uni 
(e.g.  Naphthol  Yellow  S.,  Picric  .\eid,  Victoria  Yellow). 

(iv)  Ited-brown  colour  on  re<lucing  the  solution,  changing 
to  «»riginal  colour  in  the  air  indicates  .Mizarine  S..  .Mizarinc 
Blue  S  and  the  like. 

(v)  No  decolorisation  (or  practically  none)  with  zinc  and 
ammonia  or  zinc  and  IICI  indicates  Thiazolc  Yellow.  Mimosa. 
Quinoline  Yellow  S.,  l»rimuline,  Thioflavin  S.,  (.'hloramine 
Yellow,  Siv. 

II.  Sulphur  Dye-stuffs.  These  arc  precipitated  when  treated  with 
water  and  dilute  IICI,  and  emit  hydrogen  8ulphi<le  (dctecte<i  by  lead 
acetate  i>ap<'r).  They  are  reilissolved  by  lo  |>cr  cent,  sodium  sul- 
phide solution. 

HI.  Dye-stiiffs  insoluble  in  icatrr.  Moisten  an«l  t  reat  with  two  drops 
of  5  per  cent,  sodium  hydroxide  solution. 

■*  Oryamic  Oktmitt^f,  191 3 
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(a)  If  it  di^isolves  it  should  be  reduced  with  zinc  duftt  and  ammonia, 
and  filter  pn|>cr  dipped  in  the  liquid  and  exposed  to  the  air. 

(i)  Hapiil  rcappeanini'e  of  the  colour  indicates  :  Coerulein,  GaIlo> 
cyanine,  Gallcin.  Galluflavin,  Aliaiarine  Blue,  Black  or  Green. 

(ii)  Non-apijeanince  of  the  colour  indicates  Alizarine  derivatives, 
.\lizarine,  Nitrosonaphthol,  Nitrosoresorcinol,  Soudan  Brown,  Ac. 

(b)  Insoluble  in  NaOH  but  soluble  in  70  per  cent,  alcohol. 

(i)  Fluorescent  solution  which  on  treatment  with  33  per  cent. 

NaOII  either  disapfK*ars  (Magdala  Red)  or  does  not  disappear 

(alcohol-soluble  Kosine.  C'yanosinc). 

(ii)  Solution  not  fluorescent,  but  coloured  red-brown  by  33  per 

cent.  NaOH:   -Vlcohol-soluble  Induline, .\lcohol-soluble  Nigrosine, 

Alcohol-soluble  Aniline  Blue. 

(iii)  The  solution  remains  fluorescent  :    Indophenol. 

(r)  Colouring  matters  insoluble  in  NaOH  and  70  per  cent,  alcohol, 
Iiuligo.  A!i/J»rine  Black,  Sulphur  Colours  (soluble  in  sodium  sulphide). 

SEPARATION  OF  COLOURING  MATTERS  IN  A  MIXTURE.* 
Free  dye-stuffs,  but  not  their  salts,  am  frequently  be  extracted  with 
ether  or  fixed  upon  wool.  It  is  also  possible  in  certain  cases  to  effect 
a  separation  by  treating  the  mixture  with  cold  or  hot  alcohol  or  water. 

Extraction  ivith  Ether.  By  adding  potassium  hydroxide  to  a  dilute 
aqueous  solution  of  the  mixture  and  shaking  the  liquid  with  ether, 
ba.sic  dye-stuffs  are  extracted,  while  acid  dye-stuffs  remain  in  the 
a({ueous  layer.  The  ethereal  extract  is  washed  with  faintly  alkaline 
water,  and  then  shaken  with  a  third  of  its  volume  of  5  per  cent,  acetic 
acid,  which  will  extract  the  dye-stuff  and  when  evaporated  on  the 
water  bath  will  leave  it  as  a  residue. 

.\  few  acid  or  neutral  dye-stuffs  may  also  be  extracted  by  alkaline 
ether,  as  for  example,  Quinoline  Yellow,  Indophenol  Blue  (soluble 
in  alcohol),  the  various  Soudans,  &c. 

Different  alkalies  have  different  liberating  capacities  for  basic  dye- 
stuffs.  Safranine  requires  potassium  hydroxide,  while  for  Magenta, 
ammonia  is  sufficient.  Others  again  (Indulines,  Oxyazines  and 
.Vcridines)  are  liberated  by  ver>'  dilute  ammonia  ;  and  others  (e.g., 
Chrysoidine,  Bismarck  Brown,  Hhodamine  S  (By),  Victoria  Blue,  &c.) 
are  dissociated  in  aqueous  solution. 

Hence  a  separation  may  often  be  effected  by  successively  shaking 
the  aqueous  solution  with  ether,  first  alone,  then  in  presence  of  i  per 
cent,  of  ammonia,  then  with  concentrated  ammonia,  and  finally  with 
20  per  cent;  potassium  hydroxide. 

Sometimes  a  further  separation  may  be  effected  by  shaking  the 
ethereal  solution  with  water.  In  this  way  Acridine  YcIIdw  may  be 
separated  from  the  very  similar  Phosphine. 

•  Rot*,  foe.  e»<. 
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The  acid  dye-stuffs  not  extracted  from  an  alkaline  solution  by  ether 
may  be  separated  by  similar  methods  of  successive  extraction  into 
three  groups  :  (i)  Those  extracted  by  ether  in  the  presence  of  hydrc- 
chlorie  or  sulphuric  acid.  (2)  Those  soluble  in  ether  in  the  presence 
of  those  acids.     (3)  Those  insoluble  in  ether. 

In  this  way  Erythrosine  may  be  separated  from  Roccellin,  and 
from  Bordeaux  B  ;  and  Direct  Yellow  (A)  from  Congo  I^"'^"  M  '  \  > 
and  from  Congo  Red  (A). 

By  treating  the  ethereal  solutions  with  water  and  dilutr  :iiiimi>iii;i. 
further  separations  may  be  effected,  as  for  example,  Picric  Acid 
from  Martius'  Yellow. 

Separation  by  means  of  Wool.  When  a  separation  cannot  be 
effected  by  means  of  ether,  fixation  upon  wool  is  often  possible.  An 
a<]ucous  solution  of  the  colouring  matter  (i  :  1000)  is  treated  with 
4  or  5  tirops  of  ammonia  solution  i)er  10  3  c.c.  some  wool  added,  and 
the  liquid  boiled,  with  constant  stirring.  This  treatment  is  repeated 
with  fresh  quantities  of  wool,  so  long  as  the  fibres  are  dyed.  The 
wool  is  washed  with  boiling  ammoniacal  water  and  then  with  hot 
water,  and  extracted  with  hot  5  per  cent,  acetic  acid.  On  evaporat- 
ing the  acid  extract  on  the  water  bath,  the  basic  dye-stulfs  arc 
left. 

W(M)I  is  more  effective  for  the  separation  of  acid  colouring  matters, 
some  of  which  are  fixed  directly  upon  it.  The  solution  (0.1  jK-r  cent.) 
of  the  colour  is  acidified  with  hydrochloric  acid  (3  to  4  dro|>s  per 
100  c.c.)  heated  to  boiling-point  and  the  wool  immersed  in  it  for 
3  to  <j  minutes,  with  continual  stirring.  This  treatment  is  rei>eate<l  so 
long  as  colour  is  fixed  upon  the  wool.  The  dyed  wool  is  then  washed 
with  acidified  water  and  with  pure  water,  and  the  colour  extracted 
with  5  per  cent,  ammonia  solution.  By  boiling  the  liquid  tmtil 
ammonia  is  expelled,  the  dye-stuff  is  left  in  neutral  solution. 

Since  some  of  the  indirect  dye-stuffs  are  also  taken  up  to  a  slight 
extent  by  the  wool  fibre  this  solution  should  also  be  treated  with  wo(rf 
to  effect  a  complete  sepamtion.  In  this  way  it  is  possible  to  separate 
the  following  dye-stufTs  and  colouring  matters  : 

Direct:       TBonlpaux  B  (.\)  f  Biehrich  scarlet  f  Acid  yvUow  (A) 

Indirect:  \Q^nooy«nin  \ Cochineal  i. Saffron 

The  direct  dyes  var>'  in  their  afllnity  for  wool.  With  some  (c^f., 
those  containing  oxysulpho  groups)  the  wool  is  readily  dyed  in 
strongly  acid  solution,  while  with  others  (both  acid  and  basic)  it  is 
dyed  in  a  neutral  solution. 

The  following  colouring  matters  may  thus  be  separated  : 

Fixtd  in  neutral  bath  .  /  Alkali  violet  ( B)    /  Acid  violet  4  BN  /  Archil 

Fiind  in  acid  bath  :     \  Ponceau  6  RB  ( A)  \  New  oooeine  (A)  V  Bonkaux  B  i  M ) 
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By  using  a  strong  liydrochloric  acid  solution  (i  :  200)  the  following 
5<>pamtions  may  be  made  : 

Fixed  in  strong  acid  bath  :        (  Bordeaux  8  (A)  (  Bordeaux  B  (A) 

Fijced  in  weak  aeid  batM  :         \  Orange  G  (A)  \  Methyl  orange 

When  wool  fails  to  effect  the  se{)aration  of  a  mixture,  cotton  wool 
is  soinetinics  effective  in  fixing  certain  dyes.     For  example  : 

Direct  for  cotton  :  TCarbazol  B  r  Cotton  yellow 

Indirect  for  cotton  :      \  Diamond  yellow  R  (By)  \Pliloxinc  B  (B) 

Here,  too,  the  acidity  and  concentration  of  the  bath  have  an  influence 
on  the  fixation.  For  example,  in  a  weak  (HCl)  acid  bath  Brilliant 
I'ong*)  (A)  is  readily  fixed,  whereas  Brilliant  Yellow  (A)  is  only  fixed 
upon  the  cotton  with  difRculty. 

If  none  of  these  methods  have  effected  a  separation,  other  solvents 
such  as  |)etroleum  spirit,  amyl  alcohol,  chloroform,  &c.,  may  be  tried. 
With  i>etroleum  spirit,  for  example,  Eosine  may  be  separated  from 
Martins'  Yellow. 

For  the  identification  of  the  separated  dyes  recourse  may  be  had 
to  the  tables  given  above,  and  to  tabulated  properties  of  individual 
dvc-^t iiffs  ^ivon  in  various  text  l)iM)ks.* 

SCHLUTTIGS  TESTS  FOR  COLOURED  INKS.t  The  following 
tables  show  the  reactions  given  by  different  groups  of  typical  coloured 
inks,  and  by  iron-gall  inks  containing  dye-stuffs  to  give  the  respective 
provisional  colours.  In  each  case  the  inks  are  diluted  with  an  equal 
volume  of  water,  and  a  series  of  strii)es  prepared  by  the  "  stripe 
method."  These  are  allowed  to  dry  for  at  lea.st  a  day,  exposed  to 
pure  air,  and  are  then  tested  with  a  drop  of  the  respective  reagents, 
the  alterations  in  colour  being  recorded  immediately,  and  also  after 
the  lapse  of  twenty-four  hours. 

I.  Blue  and  Blue-Black  Fnks. 

1.  Soluble  Prussian  blue  from  0.3  per  cent. 

2.  Sodium  indigo-sulphonate,  o.i  per  cent. 

3.  Bavarian  blue.  DSF,  1.2  per  cent. 

4.  Methylene  blue,  0.5  per  cent. 

5.  Blue-black  ink. 

•  E.g.  Molinari's  Orgnnir  Chemistry. 

t  Tbe««e  tables  from  Lunge's  Technical  Annlysi*.  are  given  here  by  the  kind 
permiasion  of  Dr.  <'    A    K>-ane,  the  editor  of  the  English  edition. 
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Sodium  hydroxide, 
a. 5  per  cent. 

Sulphuric  acid, 
S  per  cent. 

Oxalk  acid. 
i.S  percent. 

Sodlnin  carbOBat«. 
5  per  MOt* 

I.  Immediately 
After  24  hours 

White 

White,  with  yellow 

edge 

Yellow 

White,  with  yellow 

edge 

Brown 

White,  with  yellow 

edge 

Violet 

Green-blue,  with 

green  edge 

Brown 

Unrhange<l 
Darker  blue 

Unchanged 
Darlicr  blue 

White 

2.  Immediately 
After  24  hours 

Unchanged 
White 

Unchanged 
White 

Tighter  bhw 
Light  grey-blu( 

3.  Immediately 
After  24  hours 

4.  Immediat<»ly 
After  24  hours 

5.  Immediately 
After  24  hours 

Darker  blue 

Lighter  blue 
W  hit«».  with 

green  edge 
Lighter  blue 

(Jrey-blue 

Darker  blue 
Lighter  blue 
Lighter  blue 

BlMk'blae 
Light  yellow. 

ugn  MM 
GreeB-blw) 

Brown-bine 
Brown 

Sodium  bixulphate, 
5  pet  cent. 

Sodium  •niphite. 
5  per  cent. 

3  per  cent. 

SUBiioas<Aiorldr. 

-1- ^jrdR^lafte 
»etd,  J  per  cent. 

I.  Immediately 
After  24  hours 

Unchanged 
Darker  blue 

Violet  blue 
White  to  light 

Light  grey 
White 

Unefaanged 

2.  Immediately 
After  24  houfH 

3.  Immediately 
Aft+T  24  hours 

4.  Immediat<?ly 
After  24  hours 

5.  Immediately 
After  24  hoars 

Unchanged 

White 
Darker  blue 

Lighter  blue 

Light  blue 

Lighter  blue 
White 

Lighter  blue 

Light  blue 

Retlgrey 

Brown 

Unchanged 
Light  blue-grey 

I'nc  hanged 

Light  hluegrwn 

Lighter  blue 

IJght  blue 

Unchanged 

Brown 

White 

Unchanin-il 
Darl 

w 

Light  blue 

Grey-bhie  with 

gntn  9^gp 

II.  Green 

AND   (IrEEN-B 

•ACK  Inks. 

AmiMunU  Miiutlon. 
J  per  rent. 

Sodium  h>-dmxldF, 
a. 5  percent. 

Sodium  carbonate. 
3  per  cent. 

Sodlan  Mlphite. 
SpercMit. 

6.  Immediately 
After  24  hours 

7.  Immediately 
After  34  hours 

8.  Immediately 
After  24  hours 

White 
Light  green 

Light  green 

Green- brown 
•• 

White 
\Nhite.  with 
vellow  inlge 
Light  green 
White,  with 
yellow  edge 

Brown 
•• 

Lighter  green 
White 

Lighter  green 
Light  green 

Browa-fTMB 
Brown 

WUt« 

PlalegTMn 
Orey-gnen 

IllVWU 
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Borax. 
5  percent. 

.Mtrlc  acid. 
5  per  cent. 

Salphurtc  scid. 
3  per  eent. 

6.  Imin««liat»lv 
A'-                    rs 

7.  In. 

A(t4r  .'4  hi>urs 

8.  Immediately 
After  J4  hours 

Light  green 

White 

Unchanged 

Lighter  green 

Grey-brown 
Brown 

Light  green 
White,  with  grey  edge 

Light  j'eUow-green 

White,  with  grey-green 

edge 

Light   blue-green 

Grey -blue 

Light  green 

White 

Light  yellow-green 

White,  with  yeUow 

edge 

Light  blue-green 

Green- blue 

'..  AcitI  jfret'n,  1.2  per  cent. 

7.  Malachite  green.  0.2  per  cent. 

8.  Tj'pical  green-black  ink. 


III.  Red  and  Red-blac^  Inks 

«j.  Xacarate  S,  0.5  per  cent. 

10.  Fuchsine  F,  0.2  per  cent. 

1 1 .  Eosine  A,  i  .5  per  cent. 

12.  Carmine,  1.65  percent. 

13.  Typical  red-black  ink. 


ammonia  0.7  per  cent. 


S<)«liutii  hydnixide, 
2.5  per  cent. 

Sulphuric  acid, 
1.5  percent. 

Oxalic  acid  .^>lution 
1.5  percent. 

9.  Immediately 
After  24  houra 

10.  Immr 'liat.  Iv 
.\' 

11.  Ir 

A  ■■                        :  ^ 

12.  I. 
A- 

^^  ■  ■ 

Yellow-grey 

White,  with  grey-red  edge 

Light  red 

Pale  red 

Yellow  red 

W  tiit«%  with  urange-red 

Rod-grey 

\\ ».;...  ^-ith  jark  red  edge 

(Jrey-red 
Brown 

Unchanged 
Grey-red 
Light  grey 

White 
Light  yellow 

Unchanged 
Brown-red 
Light  red 

Unchanged 
Light  grey- red 

Unchanged 

Light  blue-grey 

Yelk>w 

Unchanged 

Light  red 

Sodium  carbunate  aulution, 
5  per  cent. 

.Sodium  bi.«olphato 
5  percent. 

.Stann6us  chloride  and 
hydrochloric  acid. 

9.  Immediately 
After  24  hours 

10.  Immediately 
After  24  hoan 

11.  Immediately 
After  24  hoara 

13.  Immediately 
After  24  hours 

1 3.  ImmedkUaly 
After  24  boon 

Red-grey 

Unchanged 

Yelk>w-red 

Red-grey 

Brown 

Unchanged 
Light  red 

Red-grey 
Light  blue-grey 

YeUow 

Unchanged 

Light  red 

Unchanged 

Bright  grey,  with  violet 

edge 

White 

White,  with  dark  green 

edge 

Light  yellow 

Unchanged 

Light  red 
White,  with  red  edge 
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IV.  Violet  and  Drown  Inks. 

14.  Methyl  violet,  0.3  per  cent. 

15.  Chrome  logwood  ink,  containing  2  per  cent,  logwood  extract, 
0.3  per  cent,  of  i>otassium  chromate,  an«J  ::  per  cent,  of  sodium 
carbonate. 

16.  Tungsten  ink,  containing  4.5  per  cent,  of  logwcxnl  extract, 
1.56  per  cent,  of  sodium  tungstate,  0.4  per  cent,  of  tartaric  acid,  and 
0.03  per  cent,  of  salicylic  acid. 

17.  Logwood  copying  ink,  containing  8  per  c-ent.  of  logwood 
extract,  2  i>cr  cent,  of  aluiiiiniuin  sulphate,  0.5  per  cent,  of  oxalic 
acid,  4  per  cent,  of  ammonium  oxalate,  1  per  cent,  of  glucose,  0.5  per 
cent,  of  potassium  bichromate,  and  0.15  per  cent,  of  salicylic  acid. 
Dries  violet-black. 

18.  Alizarin,  2.3  per  cent.,  and  ammonia  solution,  1.0  per  cent. 
Dries  brown. 


Ammonia  m)Iu- 
tlon.  5  p*r  cent. 

Sodium  hycinixide, 
2.i  jwr  mit. 

Sulphuric  acid, 
J  per  cent. 

Sodima  nlpUte, 

14.  Immediiitely 
After  24hourH 

15.  Immediately 
After  24  hours 

16.  Iminetl lately 
After  24  hours 

17.  Immediately 
After  24  houra 

18.  Immediately 
After  24  houm 

Unchango<l 
Light  violet 
Unchanged 

Red -blue 
Violt>t- black 

Blue 

Violet-black 

Dark  red 

Violet 

Light  grey 

Light  yellow 

Grey-yellow 

Grey-violet 
Grey-yellow,  with 

brown  edge 
Brown,  with  blue 

edge 
Grey-yellow,  with 

brown  edge 

Blue,  with  rededge 

Light  brown,  with 

diirk  c<lgo 

Light  green 
Yellow -grey 

Grey-red 

Grev-red,  witli 

dark  red  edge 

Red -violet 

Dark  red 

Yellow-red 
Light  yellow 

Light  violet 

Unehki^ed 
Liglitfrey 

Light  yelk>w 

Orey-vi«>l«t 

Light  grey 

Violet 
Dark  red 

Bomx. 
5  per  cent. 

C'opiMT  •ulptwte, 
5  per  cent . 

SUnaow  ehloride  asd 
hrdrodOorie  acM. 

14.  Immtnliately 
Afl<'r  24  hour* 

15.  Inuiu-iliately 
After  24  ht»un« 

16.  Imme<liately 
.After  24  hours 

17.  Immediately 
AtU'T  24  houra 

18.  Immediately 
After  34  houn 

Unchanged 

IJghter  violet 

Unchanged 

Light  grey 

Biiie 

I^ht  violet 

Red-brown 

Darkled 

Unchanged 

Vk>let 
Unchanged 

Blue-black 

Dark  grey- blue 

Blue-bUck 

Brown 

Light  fiwy.bloe 

White,  with  greea  edg» 

Qrey-Tiolei 

Light  grey.red.  with  dark  red 

Red-violet 

Dark  red 
Red-violet 

Dark  red 
YeUow 
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V.   BuvcK  Inks. 


Sodlaia 

hydroxide. 

2.5  per  cent. 

Bodiont 
enrbonnte, 
as  per  cent. 

Sulphuric 

acid. 
5  per  cent. 

Sodium 
kolphite. 
i  per  cent. 

Stannous 
chloride. 

:o.  Im— diatdy 
Attar  34  Ikmus 

.-t.  Imraedlatety 
Aft.r  .-4 boon 

.-.■  iMiiu.  •liatWy 
Ati*  r  ;  1  ho«n 

;j.  Imiii«<liat<>ly 
AtUt  34  bourn 

Brown-red 
Red-grey,  with 
dark  red  edge 

L^tgrey 

Brown 

Oreen-blue 
Yellow -grey 

Unchanged 

Grey-Tiolet 
Orey-red 

VIolrt-grey 

Brown 

BluUh -green 

Unchanged 

Dark  blue 

Dark  blue,  wltb 

%i<>lrt  edge 

Orcy 
Orey-blue 

IJ(?ht"  grey 
light  yellow- 
grey 
Unchanged 

Yrllowiab  red 
Ught  brown 

Violet -grey 

Drown- \iolet 

Brown 

Unchanged 

Brown 

Unchanged 

Dark  blue 

Blue -grey 

Orey-blue 
Orey-yellow 

Unchanged 

iQ.  Blnek  ink  containing  1.2  per  cent,  of  Bavarian  blue,  0.3  per 
cent,  of  acid  green,  1.5  jht  cent,  of  chestnut  brown.  Flows  blue- 
black  an<l  dries  grey-black. 

20.  Nigrosine  ink,  containing  1.25  per  cent,  of  nigrosine. 

21.  Typical  iron-gall  ink. 

22.  Vanadium  ink  containing  10  per  cent,  of  tannin  and  0.4  per 
cent,  of  ammonium  vanadate.     Dries  grey-green. 

23.  Carljon  ink  containing  10  per  cent,  of  lampblack,  6.5  per  cent, 
of  shellac,  and  6.5  per  cent,  of  borax. 

None  of  the  foregoing  inks  resisted  the  action  of  sodium  hypo- 
chlorite, with  the  exception  of  No.  23,  the  pigment  of  which  consisted 
of  lampblack.     -\ll  the  others  were  immediately  bleached. 

The  reagents  mentioned  in  the  preceding  tables  have  only  been 
selected  as  illustrative  examples.  Obviou.sly  many  others  might  be 
used,  and  in  siwcial  cases  prove  more  characteristic. 


Qu.\vriTATivE  Estimation  of  Dye-stuffs. 

Estimation  of  S'itro-Conipounds.  Knecht  ♦  based  a  method  of 
estimation  on  the  reduction  of  nitro  compounds  to  amido  compounds 
by  means  of  titanous  chloride  : 

-  NO,  +  3P2       =     -  NH,  +  2H80 
Tic\  +  Hd      =     TiCl^  -I-  H 

The  solution  of  the  soluble  dye  is  titrated  directly,  the  change  in 
colour  indicating  the  end  of  the  reaction. 

•  J.  Sof.  Dyer*  and  Col.,  1903,  ▼!,  19 ;    vii,  19;    1905,  iii.  292. 
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For  example,  u  .suliitioii  of  Crystal  Scarlet  oH(C,oH„N^,0^'a,  -f 
7H,0)  containing  o.i  grni.  was  boiled  for  a  minute  with  lo  c.c.  of 
hydrot'hloric   acid,   and    titrated   with    standard    titanous   chloride 
solution,  of  which  22.6  c.c.  were  required  for  dcrolorisation— 

I  c.i.  IJCls  =  0.0015799  gro»-  of  Fe. 

502  grms.  of  dye  sb  224  gnns.  Fe  (by  theory-). 

Therefore 

0.0015799  X  22.6  X  502  _  ,  , 
^i22 2_  =  0.08001  grm.  of  dye. 

Colorimctric  comparison  will  alst»  he  found  useful  for  approximate 
results.  A  weighed  quantity  of  the  dye  is  dissolved  and  th«' 
solution  matched  in  colour  with  the  dye  in  question. 

Methods  of  estimating  indigo  have  hern  rlcviaed  by  Rawson*  and 
by  Blojram.^ 

In  PeleVs  method  of  estimation  a  basic  dye  is  precipitated  by 
means  of  a  standard  solution  of  an  acid  dye,  an<l  the  end  {mint  is 
found  by  the  disap|>earancc  of  one  or  both  of  the  coloured  rings 
formed  by  spotting  on  paper.  This  method  has  been  shown  by 
Salvaterra  %  to  give  results  as  good  as  those  by  Knecfifs  method, 
which  involves  titration  in  an  atmosphere  of  carbon  dioxide. 

Titration  ivitb  Ilydrosulphite.  A  niftho<l  of  estimating  soluble 
azo  dyes  has  been  based  by  Graudmougin  and  IIavaii%  on  the  titra- 
tion of  a  solution  oi  the  dye-stuff  with  a  solution  of  so<iium  hydro- 
sulphite  (3  grms.  per  litre  containing  5  c.c.  of  30  jier  cent,  sodium 
hydroxide  solution).  The  titration  is  effected  in  ver>'  dilute  hydro- 
chloric acid  solution  in  an  apparatus  from  which  air  has  been  ex- 
pelled by  a  current  of  hydrojicn.  and  continued  until  decolorisat ion 
takes  place  : 

*  N:  N.R'  -I-  2Na,S04  =  R  NH,  -I-  R  NH,  +  4NaHS(V 

The  amounts  of  hydrosulphite  used  are  inversely  proportional  to 
the  molecular  weights  of  the  dye-stuffs  as  is  shown  by  the  following 

rxiini|)Ics  ; 

r.c.  Mai.  wvigbt 
<  ir^iiiL'''  II       .                                            28.0  350 

(hryiKtin  .31.0  316 

Kant  n>d  .24.5  400 

*  Ckem.  Newt,  1881,  lii.  7.        f  Joum.  Soc.  Ckeim,  Ind.,  1906,  xzr.  735. 
1  Mamatstck.  t.  Pkrin.,  1913,  xxxiv.  255. 
f  Chrm.  Zfif  \«vi,  1167. 


CHAPTER  VII 
EXAMINATION  OF  WRITING  INKS. 

Contests. — Fluidity  of  ink  :  1'.  ti-tntidn  through  paper  :  Stickiness 
of  writing  :  Composition  of  >oiinnrn  iil  inks:  Schluttig  and  Neumann's 
stripe  test  :  Acidity,  action  in  >t'ol  [xn.x  :  Stability  on  kc<'ping  : 
Methods  of  anal}-8is*:  Examination  of  ImndwritiiiK  :  'i'hi-  fading  of  ink 
in  writing  :  Did  manu.'<crii>tN  :  l*aliinj)s<'sts  :  Dfciphering  writing  on 
charred  pa(>er  :  Forged  handwritiog  :  Bleaching  agents  :  Differentia- 
tion of  writing  dune  with  ditfoniit  inks  :  Estimation  of  the  age  of 
inks  in  writing  :  The  colour  mieroacope  :  Photographic  methods  : 
Mechanical  erasure  :  Chemical  remoTal  of  writing  :  Destruction  of 
sizing  :  Alterations  and  additions  to  writing  :  Photographic  distinction 
between  different  inks. 

The  number  of  substances  entering  into  the  composition  of  ink 
is  verj'  large  ;  but  since  the  influence  of  many  of  these  on  the  per- 
manency of  the  writing  is  unknown,  a  full  analysis  of  an  ink  does 
not  afford  much  information,  at  any  rate  as  compared  with  the 
results  of  practical  tests. 

According  to  the  Prussian  Regulations  of  1888  an  ink  for  docu- 
mentary- purposes  had  to  contain  a  certain  minimum  proportion  of 
tannic  or  gallic  acids  derived  from  galls  (vide  infra).  It  was,  how- 
ever, shown  conclusively  by  Schluttig  and  Xenmann,  who  submitted 
samples  of  different  inks  to  examination,  that  the  chemical  tests 
employed  were  quite  incapable  of  identifying  an  ink  prepared,  e.g., 
from  chestnut  bark,  and  they  therefore  contended  that  an  ink 
prepared  from  tannic  or  gallic  acid  derived  from  any  source  should 
be  permitted  in  inks  of  Class  I. 

Similar  criticisms  were  made  by  Hinrichstn  and  others,  and  the 
result  has  been  that  when  the  Prussian  Regulations  were  altered  in 
191 2  no  attempt  was  made  to  differentiate  the  possible  sources  of 
the  tannic  acid. 

The  requirements  of  a  good  ink  are  :  (i)  It  must  yield  permanent 
writing  which  becomes  black  within  the  course  of  a  few  days  ;  {2)  It 
must  flow  readily  from  the  pen,  and  penetrate  well  into  the  fibres 
of  the  paper,  without  passing  right  through  the  paper  ;  (3)  It  must 
not  gelatinise  or  become  mouldy  in  the  ink-pots  ;  (4)  It  should 
have  a  minimum  corrosive  action  upon  steel  pens  ;  (5)  The  writing 
must  not  be  sticky  (except  in  the  case  of  some  copying  inks). 

FLTTIDITT  OF  IKK.  ScMuttig  and  Xeumann  recommend  their 
stri{H>  test  (p.  124)  as  a  means  of  determining  the  capacity  of  an  ink 
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to  flow  readily  from  tin  jx n  witlnni  pnadin^'  t<Hj  fritly  on  thi* 
paper.  At  the  p<»iiit  wlitrf  the  ;j;l;n-.  jhjk  tie  touches  the  pafXT  in 
their  tt>t  m  i.\;il  h(;i<l  to  the  stripe  is  f«)riiiefl,  whilst  the  remainder 
of  the  st  I  i|i.  1^  marly  as  wide.  OfSj  inks  examined  by  .S*cA/u//i^  and 
\iiu)iinin.  tli<  iiiaji'iity  L;a\i-  tin-  same  results  as  the  typimi  ink. 
whilst  the  copying  mks  yielded  somewhat  narrower  striiKr?*.  Inks 
flowing  too  readily,  however,  produced  a  much  wider  hca<l,  while 
the  lower  part  of  the  stripe  wsui  contracted  to  a  narrower  band  than 
the  others. 

We  have  found  a  simple  vi.scosimeter,  consisting  of  a  50  c.c.  piiK-tte 
to  give  concordant  results  when  used  in  the  following  manner.  The 
pipette  is  standardised  on  distillt  il  wati  r  at  1  ,  ,  (  ..  the  time  n'«|uire«l 
for  the  licjui*!  to  run  down  {<>  a  L'iM n  mark  dii  the  lower  stem  In-ing 
taken  as  unilif.  The  ink  i>  th.  n  l.n.iiL'lit  to  the  same  tem|)erature. 
and  the  t  ime  taken  fur  the  sann  \ kIhuk  tu  run  out  determined  in  the 
sani''  way.  'riiii>.  Ml  a  |)iipettf  fnini  uliieh  the  water  ran  out  in 
40  seconds,  \vt  ((inmi  that  different  writing  inks  required  from  \2  to 
55  second.s,  \viiiUt  (((pving  inks  in  some  cases  required  70  seconiis. 

■  PENETRATION  THROUGH  PAPER.  This  is  l>est  detennine<l  by 
a  practical  test  on  staiuiard  paper,  under  the  sjime  conditions  as 
used  with  the  typical  standard  ink.  The  ink  sh«)uld  i>enetrati  inf<. 
the  fibres,  but  should  not  come  through  the  pa|>er. 

STICKINESS  OF  WRITING.  Here,  agjiin.  the  l>est  results  are 
obtained  by  comparison  with  a  ty|>ieal  ink,  as  recfunmended  by 
Schlnltig  and  .Sfunidtin. 

COMPOSITION  OF  COMMERCIAL  INKS.  Ih.  lollu^vm^i  table 
gJM^  t  hi  r(  Milts  i>f  partial  analyses  of  certain  well-known  commen-ial 
inks.  It  will  111  s.  (  n  that  the  blue-black  inks  of  the  thn-e  different 
ruaniil'aeturt  Is  an    \  1  r\  siniilar  in  character. 
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Tlif  Aillowiiiy  table   gives   other   analyses   made    by    the    writer 
of  tlie  principal  hhu-k   and  bluc-blark   writing  inks  on    the  market 

in   I'x)"^.* 


Ink. 

SpertSe 
gravity 

at 
.5-C. 

Watrr 
per  cent. 

Total 

•olid* 

percent. 

Minenl 

matter 

(a«h) 

percent. 

Iron 
percent. 

Arnold's  Hlue-bUck 
Blackwood's  Blue-black 

Record 
Cmn's  Blur-black 

..      Black 
Dayan.)  \'   -  ■       Klucblack 
Draper                     ;  ■  "    . 
Faber  s  1                 k 
Field's  Black 

*'  N'on -corrosive  " 
H.v                  .-black 
Ln                    l.lack 
>luni;»ii  s      Azun^te  "    . 
Blue-blatk      . 
"  Jet-black  " 
Morrell's  Blue-black 
Paul's  Blue- black 

.,       Black 
Fridge's  Blueblack 

Black      . 
Stephen's  Blue-black 
Vicker's  '"  Penwing  " 
Walkden's  Blueblack 
Black 

I. 0216 

1.0220 
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1.0208 
1.0239 

1.0225 
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1.022 1 
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96.35 
96.82 
92.06 
96.01 

95-84 
92.25 
95-16 
95.58 
96.66 

97-55 
95-35 
95- » 4 
95-94 
95-54 
9404 
95.16 
96.12 
96.68 
92.22 
92.32 
96.21 
98.11 
9558 
94-39 

3-65 
3.18 

9.94 
3-99 
4.16 

7-75 
4.84 
4.42 
3-34 
2-45 
4.66 
4.86 
4.06 
4.46 
5.96 
4.84 
3-88 
3-32 
7.88 
7.70 
3-79 
1.89 
4.42 
5-61 

0.94 
0.77 
1.40 
1.07 
1-39 
2-52 

I.IO 
1.22 
0.82 
0.64 
0.54 
1.01 
0.86 
0.62 
0.99 
1.66 
0.97 
2.28 
1.88 
1,42 
0.76 
0.42 
0.72 
1. 12 

0.25 
0.28 

0.59 
0.29 
0.48 
1.09 
trace 

0.49 
trace 
0.28 
0.28 

0.35 
0.29 
0.18 
0.21 
0.56 

0-33 
trace 
0.84 
0.49 
0.32 
trace 
0.22 
0.36 

These  result.s  show  that  notwithstanding  the  probably  closely 
similar  methods  of  preparation  there  are  yet  wide  variations  in  the 
composition  of  the  different  inlcs.  Thus  the  total  amount  of  solid 
matter  (dried  at  100°  C.)  ranges  from  1.89  to  7.94  per  cent.,  the  ash 
from  0.42  to  2.32  per  cent.,  and  the  iron  in  the  iron-gall  inks  from  0.18 
to  1.09  per  cent. 

Since  these  analyses  were  made  the  writer  has  on  several  occasions 
examined  samples  of  the  same  kinds  of  inks,  and  the  results  have 
shown  that  the  com|)osition  of  an  individual  pre{)aration  by  the 
same  manufacturers  remains  fairly  constant. 

A  qualitative  test  that  sometimes  enables  one  to  distinguish 
between  inks  of  different  makers  is  their  behaviour  on  titration  with 
a  saturated  solution  of  bromine  water.     Thus,  the  blue-black  ink  I. 


Anai^,  1908,  xxxiii.  80. 
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became  first  dirty  grey,  uiid  then  greyish-blaek  ;  whiht  Nu.  II.  ftnt 
changed  to  violet  and  became  turbid  brown  on  the  further  addition  of 
the  reagent ;  and  No.  III.  first  became  violet  and  then  dirty  green, 
the  liquid  remaining  clear  all  the  time.  This  last  ink  wa«  also 
characterised  by  the  ash  being  very  diflicult  to  bum  white,  and  being 
then  extremely  insoluble  in  hydrochloric  acid. 

The  presence  of  logwood  in  an  ink  is  readily  identified  by  the  colour 
changing  to  bright  red  on  the  addition  of  hydrochloric  acid  (see 
p.  91).  When  indigo  is  also  present  the  hydrcK-hloric  acid  gives  a 
purple  coloration. 

Indigo  increases  thcstabilityof  an  ink  towards  bleaching  agents  such 
as  bromine  water.  An  ordinary  iron  gall  ink  is  rapidly  decolorised  on 
the  addition  of  strong  hydrochloric  acid,  but  if  indigo  be  present 
the  liquid  remains  blue,  even  after  Ix'ing  lK>ilcd  with  the  reagent. 

DIFFERENTIAL  REACTIONS  ON  PAPER.  \Vhen  a  drop  of 
ink  is  applied  to  thick  lilter  paper  a  certain  amount  of  separation  of 
its  constituents  will  take  place  owing  to  the  different  rates  of  diffu- 
sion, and  on  this  fact  Schluttig  *  has  based  a  series  of  differential 
tests.  This  method  of  fractionation  gives  the  best  results  if  the 
ink  be  jireviously  diluted  with  an  equal  volume  of  water  (3  to  4  times 
the  volume  in  the  case  of  copying  inks). 

Iron-gall  inks  give  a  light  brown  outer  zone  which  becomes  blue 
on  treatment  with  solutions  of  |>otassium  bisulphate  and  |)Ota8sium 
ferrocyanide.  Inks  from  Chinese  or  small  Asiatic  galls,  Knopprrn, 
divi-divi,  valonia,  oak  bark,  chestnut  bark  and  logwcHni  give,  after 
one  or  two  days,  an  outer  zone  which  is  either  of  light  brown  colour 
or  tinted  with  the  provisional  colouring  matter. 

The  inner  zone  will  be  blue-black,  and  in  the  case  of  inks  made  from 
galls  and  divi-divi  will  show  characteristic  lines  in  the  margin, 
which  are  not  to  be  found  in  the  case  of  inks  made  from  tan  barks  or 
logwood. 

Inks  made  from  sumach  and  especially  myrobalans,  show  a  dark- 
grey  inner  edge  to  the  outer  zone  owing  to  tlie  diffusion  of  the  black 
iron  tannate.  In  the  case  of  mi/robalan  ink  a  blue-black  line  on  which 
is  a  light-grey  band  is  found  lx*tween  the  two  zones.  Ik)th  are 
absent  in  the  case  of  sumach  inks,  and  the  uniform  blue-black  inner 
zone  is  in  direct  contact  with  the  yellowish-green  outer  zone. 

Chrome  logwcxxl  and  logwood  copying  inks  show,  at  most,  a  light 
grcv  outer  zone,  which  is  fnc  from  iron. 

SCHLUTTIG  AND  NEUMANN  S  STRIPE  TEST.  For  comparison 
in  their  colorimctric  methotl,  Schluttifi  and  \runinnti  make  use  of  a 
standard  ink  containing  the  following  constituents  : — Gallotannic 
acid,  23.1  grniH.  ;    gallic  acid,  7.7  gnns.  :    gtun.  10  gmis.  ;    hydro- 

•  I/MNijf'it  Tfchnieal  AHntt/.iiji,  Knc-  Kd.,  1914,  p.  519. 
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chloric  acid,  2.5  gnns. ;  and  feirous  sulphate,  30  grins,  in  a  htre  of 
water,  .\ftcr  standing  for  not  less  than  four  daji?,  this  ink  is  de- 
canted and  kept  in  a  well-corked  bottle. 

In  testing  an  unknown  ink,  10  to  15  c.c.  arc  compared  witlj  the 
standard  ink,  and  should  there  be  a  difTerencc  in  shade  a  small  quan- 
tity of  one  or  more  suitaitle  aniline  dye-stuffs  is  added  to  the  standard, 
so  as  to  make  the  ct)lours  match. 

The  apparatus  requin*d  consists  of  a  frame  (Fig.  33)  over  which 
is  tightly  stretched  a  piece  of  standard  writing  |)aper.  This  frame 
is  fixed  at  an  angle  of  45°, 

and    the     unknown     ink     is         .     ^^Tl  r-fl— 1 — h da. 

allowed  to  run  down  this 
fn)m  a  s|)ecial  pipette  deliver- 
ing 0.6  c.c.  and  producing  a 
stripe  about  6  mm.  wide  and 
270  mm.  in  length.  A  similar 
stain  is  made  with  the  ink 
after  dilution  with  an  eciual 
quantity  of  water,  and  also 
with  the  standard  ink  before 
and  after  dilution. 

The  groove,  t,  at  the  top  of 
the  frame  is  intended  as  a 
rest  for  the  pipette  so  that  its 

point  may  always  be  applied  at  the  same  angle  to  the  surface  of  the 
paper,  and  a  channel  is  pro\nded  at  the  bottom  to  catch  the  excess 
of  ink. 

Provided  the  conditions  are  comparable  the  stripes  prtnluced 
by  different  inks  will  varj-  in  breadth  and  intensity  with  the  fluidity 
of  the  ink  and  its  degree  of  adhesion  to  the  pa|)er.  In  the  case  of 
copying  inks  the  narrowness  of  the  stripe  affords  an  indication  of 
the  copying  capacity. 

When  the  ink  is  dry  the  paper  is  set  aside  in  a  place  exposed  to 
light  and  air,  and  after  eight  days  the  stains  are  compared  with  the 
standard  stains  with  regard  to  their  colour,  while  their  shape  also 
gives  an  idea  of  the  fluidity  of  the  original  ink.  The  paper  is  also  to 
be  cut  in  strips  horizontally  and  one  piece  immersed  in  water,  another 
in  alcohol  of  85  per  cent,  strength,  and  a  third  in  alcohol  of  50  per 
cent,  strength  for  several  days.  If  the  stripe  of  any  particular  ink 
becomes  paler  than  that  of  the  typical  ink  under  these  conditions, 
ScMuttig  and  Neumann  conclude  that  the  former  is  either  too  poor 
in  gallic  or  tannic  acid,  or  contains  too  much  acid. 

The  objects  of  repeating  the  test  after  dilution  are  that  the  added 
aniline  colours  have  less  disturbing  influence  in  the  diluted  ink,  that 
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Schluttig's  frame  for  stripe  test. 
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differences  of  intensity  are  more  pronounced,  and  that  differences 
in  the  breadth  of  the  stripes  given  by  copying  inks  arc  reduced  to  a 
minimum. 

Schlultigand  \eumatni  do  not  contend  that  all  inks  must  have  the 
composition  of  their  typical  preparation,  but  assert  that  while  con- 
taining at  least  0.6  per  cent,  of  iron,  they  must  give  equally  satis- 
factory  results  in  the  different  tests. 

In  place  of  the  somewhat  complicated  apparatus  de\'ised  by 
Schluttig  and  Seumann,  we  have  found  that  sheets  of  Bristol  board 
placed  on  a  woo<ien  stand  fixed  at  an  angle  of  45"  give  satisfactorj'  and 
concordant  results  in  this  test. 

ACIDITY  :  ACTION  ON  STEEL  PENS.  It  is  not  an  easy  matter 
to  detenuine  the  amount  of  free  iuid  in  an  ink  by  titration  on  account 
of  the  colour  of  the  ink  itself  masking  the  change  of  colour  of  the 
indicator.  It  is  possible,  however,  to  obtain  a|)proximately  correct 
results  by  diluting  the  ink  with  a  ver>-  large  volume  of  water  ami 
titrating  with  standard  alkali,  using  phenol-phthalcin  as  indicator. 
Thus  in  the  case  of  a  well-known  blue-black  ink  we  found  that  the 
acidity  of  10  c.c.  of  the  ink  corresponded  to  3.1  c.c.  of  normal  alkali. 

Another  practical  test  is  to  immerse  a  steel  pen  in  the  ink  fi»r  a 
given  period,  and  to  determine  the  loss  in  weight.  Thus  in  the  cji-se 
of  the  ink  referred  to  above  we  found  that  a  |H*n  had  lost  5.18  percent, 
of  its  weight  after  being  kept  in  10  c.c.  of  the  ink  for  a  month,  whilst 
the  ink  itself  had  become  nearly  solid. 

It  is  thus  evident  that  the  contention  of  Schhtttig  and  Srumann  • 
that  free  acid  docs  not  act  upon  metals  in  the  presence  of  tannin  is 
not  justified  by  the  results  of  ex|>eriments. 

Schluttig  and  Seumann  consider  that  it  is  not  jiossible  to  fix  a 
inaxinuini  amount  of  acidity.  They  recommend  their  stri|>e  test  as 
the  best  means  of  determining  whether  too  much  acid  is  present,  since 
ink  darkens  more  slowly  the  greater  the  pn)|K)rtion  of  acid.  Thus, 
if  the  stri|>es  are  as  intense  a  black  in  as  short  a  time  as  those  given  by 
th«ir  stundanl  ink.  they  consider  the  amount  of  aei<l  as  not  t<K)  great. 

STABILITY  ON  KEEPING.  .\  goo<l  ink  will  fn-quently  keep  as 
long  as  »  year  without  throwing  down  any  insoluble  deposit  on  the 
sides  of  a  vessel  provided  air  be  excluded.  .\t  the  same  time,  if  a 
sample  bottle  contain  some  de|>osit.  the  ink  is  not  neccjwiarily  of  bad 
quality,  since  this  may  lye  due  to  changes  of  temperature.  Should 
there  be  a  |)ellicle,  however,  in  a  sample  bottle,  the  ink  should  be 
rejected  as  inferior. 

Schluttig  and  Seumann  have  devised  the  following  test  for  deter- 
mining the  stability  of  an  ink  in  a  comparatively  short  time  :  The 
bottle  containing  the  ink  is  allowed  to  stand  for  thrr. 

•  foe.  cit. 
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temiH'mture  of  lo**  to  15°  C,  after  which  50  c.c.  are  withdrawn  from 
the  centre  by  means  of  a  pipette  without  shakinf;  the  contents.  This 
is  filtered  and  25  c.c.  of  the  flltrate  placed  in  a  cylindrical  glass  vessel 
about  185  mm.  high  and  -jz  mm.  in  diameter,  the  mouth  of  which  is 
then  covered  with  pajwr  to  exclude  dust. 

Schluttig  and  Xeumann's  typical  ink  when  thus  tested  remained 
unchanged  for  three  weeks,  after  which  a  pellicle  began  to  form  on 
the  surface,  and  small  flecks  to  separate  out.  This  ink  was  obviously 
purer  than  ordinary-  commercial  inks,  many  of  which,  however, 
rt*mained  unchanged  for  fourteen  days  or  longer,  and  in  Schluttig 
and  Seumann's  opinion  this  period  should  be  flxed  as  the  minimum 
keeping  time  for  an  ink  of  the  flrst  class  under  these  conditions. 

Detection  and  Estimation  of  Constituents. 

ASH.  This  is  determined  by  evaporating  10  c.c.  of  the  ink  and 
i;,'niting  the  residue  at  a  low  temperature.  Certain  inks  differ  con- 
sidenibly  from  others  in  the  readiness  with  which  the  carbon  can  be 
burned  off.  The  addition  of  a  few  crj'stals  of  ammonium  nitrate 
facilitates  the  ignition. 

IRON.  The  ash  is  dissolved  in  hydrochloric  acid,  the  solution 
oxidised  with  nitrjc  acid,  and  the  iron  precipitated  with  ammonia. 
Or  the  volumetric  method  described  on  p.  129  may  be  used. 

CHROBQUM.  The  ash  is  fused  with  sodium  carbonate,  potassium 
nitrate  and  |>otassium  hydroxide,  the  mass  dissolved  in  water, 
acidified  with  acetic  acid,  filtered  and  the  chromate  precipitate  as  lead 
fhroinatc. 

GUMS  AND  DEXTRIN.  Ten  c.c.  of  the  ink  are  treated  with  twice 
the  volume  of  95  per  cent,  alcohol,  and  the  precipitate  collected  on 
counterpoised  filters,  and  dried  and  weighed. 

Malagnini  gives  the  following  method  of  distinguishing  between 
dextrin  and  gum.  The  ink  is  diluted,  treated  with  basic  lead  acetate 
and  sjiturated  with  hydrogen  sulphide,  the  excess  of  which  is  removed 
by  Ixiiling.  The  presence  of  sucrose  or  dextrose  may  then  be  detected 
in  the  filtrate. 

Dextrin  is  detected  by  giving  a  precipitate  in  white  flakes  on  the 
addition  of  a  large  excess  of  alcohol.  The  precipitate  when  dissolved 
in  water  shows  a  strong  dextro-rotation. 

Gum  is  detected  by  acidifying  the  ink  with  strong  hydrochloric 
acid,  and  adding  much  alcohol.  Any  precipitate  is  washed  with 
alcohol  and  treated  with  strong  hydrochloric  acid.  The  liquid  is 
divided  into  two  portions.  One  of  these  is  boiled  with  phloroglucinol, 
and  in  the  presence  of  gum  gives  a  rose- violet  coloration.  The  other 
portion  is  boiled  and  treated  with  a  few  drops  of  aniline,  which  in  the 
presence  ofgum  gives  the  furfural  reaction  (rose-red  coloration). 
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GLYCERIN.  The  total  Bolidtt  of  the  ink  are  treated  with  strong 
alcohol  (<jo  per  cent.)  the  alcohoUc  extract  evaporated,  and  tJic 
residue  tested  for  glycerin.  If  glycerin  be  present,  fumes  of  acrolein 
will  be  liberated  on  heating  with  potassium  bisulphate,  ScMff^a 
reagent  (magenta  decolorised  with  sulphur  dioxide)  will  have  its 
colour  restored,  and  a  blue  colonition  will  l)e  obtained  with  a  i  \t€T 
cent,  solution  of  sodium  nitroprusside  to  which  a  few  drops  of  pi|>cri- 
dinc  have  been  added. 

PHENOL  AND  SALICYLIC  ACID.  The  residue  from  tht  ink 
is  mixed  with  sand,  and  extmcted  with  ether.  On  evaporating  the 
ethereal  extract  phenol  may  be  detected  by  its  odour  and  by  giving 
a  precipitate  of  tribromophenol  with  bromine  water.  Salicylic  acid 
is  readily  recognised  by  the  violet  coloration  given  with  a  dilute 
solution  of  ferric  chloride. 

DYE-STUFFS.  A  little  of  the  ink  is  diluted,  slightly  acidiJicd  with 
hydroclilorif  acid,  an<l  boiled  for  15  minutes  with  a  thread  of  wo<il  or 
cotton,  while  at  the  same  time  a  panillcl  test  is  made  with  the  ink 
after  being  diluted  and  made  alkaline  with  ammonia.  The  threads 
are  then  thoroughly  washed  with  hot  water,  and  if  they  have  l>een 
dyed  they  are  boiled  in  sodium  carbonate  solution  or  acidulated 
water,  a^ain  fixed  on  cotton  or  wool,  and  identified  (see  p.  105). 

INDIOO  CARMINE  is  fixed  upon  wool  in  an  acid  bath  and  redis- 
solved  by  an  alkaline  bath.  In  alkaline  solution  it  remains  bright 
blue  after  the  addition  of  sulphuric  acid,  but  is  changed  to  green  by 
hydrochloric  acid.  With  stannous  chloride  and  hydrtK'hloric  acid 
it  is  decolorised  on  heating,  but  regained  its  colour  when  oxidised 
with  a  few  drops  of  ferric  chloride  solution.  It  gives  a  yellow 
coloration  with  nitric  acid  or  with  chlorine  water. 

A  colorimetric  estimation  of  indigo  carmine  may  be  made  by 
acidifying  i  c.c.  of  the  ink  with  sulphuric  acid  and  comi>aring  the 
coloiir  with  that  given  under  similar  condition^^  bv  u  'standard 
solution  of  in<ligo  carmine. 

Sec  aK"  ('"''xirrff  WritifiS  Tnks.  rh>p    \  i      "-11 

Tkstino. 

Prussian  Regulotions  for  Official  Tests  of  Ink  * 

According  to  the  Pniwiian  regulations  of  May  22,  191  J.  inka  an-  (lavHUHHi 
into  (I)  "  documcnUiry  "  and  (2)  "  writing  ink«,'  the  latter  being  subdiridixl 
into  (a)  iron-gall  inktt  and  (b)  logwood  and  dyt^-«<tufT  inkn. 

Ji)  "  Documentary  ink"  is  defined  an  an' iron  Rail  ink  which  givmi  dark 
ting  after  eight  days'  exfiosurc  to  light  and  air.     It  mu«t  contain  at  least 
27  gmu.  of  anhydrous  gallotannic  and  gallic  acids  and  4  gmis.  of  iron  (oalcu- 

•  Hiurichitea,  Chem.  Zr'    •  ■' •    •r^-'---    •'■',. 


1  XAMINATION  OF  WRITING  INKS  129 

UUhI  npon  th«>  m«>t«l)  per  litre.  On  tlie  other  hand,  the  Amount  of  iron  mtut 
not  .  !«o  that  the  rmtio  of  gallotannic  and  gallic  acidfl  to  iron  must 

iii-  -t  4.5  :  I  and  6.75  :  I.     The  ink  must  not  alter  for  at  least 

foil  : .. i^  pot^  i^od  must  Sow  readily  from  the  pen.    The  writing 

(loi  sticky  Immediately  after  drying,  and  after  eight  days 

it  n  u-k  wh«n  washed  with  water  and  with  alcohol  (83  and 

50   JUT  i-vllt.l. 

(>)  Irof,  yiU  irriting  inks"  (a)  must  contain  at  least  18  gnus,  of  gallo- 
tan:  kilic  acidH,  and  at  le««t  2.6  and  not  more  than  4  grms.  of  iron 

per  >  4.3  :  I  and  6.73  :  i).     In  other  respects  they  must  comply  with 

th<  itts  of  "  documentary'  "  inks.     Inks  of  Group  B  are  not  officially 

tt'-- 

.1  Tnl-A.     The  proportion  of  gallotannic  and  gallic  acids  is  deter- 

mined )'  the  sample  with  ethyl  acetate  and  weighing  the  residue 

left  on  '  -  thf  extract.     The  residue  is  regarded  as  gallotannic  and 

II.  thereof  absorbs,  in  the  presence  of  2  grms.  of  sodium 
<  grm.  of  iodine.  If  leas  iodine  is  consumed  the  ink 
requirements. 

■  innic  and  Gallic  Acids.     Ten  c.c.  of  the  ink  are  mixed 

ited  hydrochloric  acid,  and  the  mixture  shaken  with 

8U(  '  c.c.  of  ethyl  acetate  in  Rothe's  shaking  apparatus, 

tin'  u^ives  no  reaction  for  gallotannic  or  gallic  acids  after 

:.'•.  with  liudiuiu  carbonate  and  addition  of  ferric  chloride  and  ferrous 

The   ethyl-acetate   extract   is   shaken   several   times   with   semi- 

1  potassium  chloride  solution  (10  c.c.  each  time)  to  remove  iron  salts 

I  evaporated  la  vacuo,  and  the  residue  is  taken  up  with  a  little  water 

■'  •'■  >  weighed  crucible,  and  dried  at  105°  to  110°  C.  or,  preferably, 

IN  •)"  ('.  until  constant  in  weight. 

!■  fie  iodine  absorption  about  o.i  grm.  of  the  residue  is  mixed 

in  a  «top)iert^  tLuk  with  2  grms.  of  sodium  bicarbonate  and  23  to  30  c.c.  of 
a  solution  of  iodine  (about  30  grms.  per  litre),  and  the  flask  closed  and  allowed 
to  .stand  orer-nii;ht.  after  which  the  unabsorbed  iodine  is  titrated  with  standard 
thjosulphato  solution.     .Simultaneously  a  blank  determination  is  made. 

Iron.  Ten  c.c.  of  the  ink  are  evaporated  to  dryness,  and  the  residue  ignited 
until  free  from  carbon  and  then  heated  with  i  to  2  c.c.  of  hydrochloric  acid 
(sp.  gr.  1. 124)  until  dissolved.  The  solution  is  treated  with  i  to  2  c.c.  of 
chlorine  water  and  evaporated  to  dr>'ne8s,  the  residue  treated  with  0.3  c.c. 
of  stronc:  hydrochloric  acid  to  dissolve  basic  iron  salts,  and  the  solution  cooled 
and  '    vith  20  c.c.  of  water.     About  i  ^^rm.  of  potassium  iodide  is  then 

ad>!  lie  separated  iodine  titrated  with  N/io  thiosulphate  solution, 

the  ii^iiiu  ut-iiig  meanwhile  rapidly  warmed  to  53°  C.  to  {nomote  the  separation 
of  iodine. 

Testingtite  Writing.  Pieces  of  standard  paper  are  stretched  in  a  frame  inclined 
at  an  angle  of  43%  and  a  definite  amount  of  ink  made  to  flow  down  them 
from  a  {npette  fixed  in  a  special  position  with  regard  to  the  paper.  At  the 
same  time  a  parallel  test  is  made  upon  the  same  papers  with  Schluttig  and 
Neumann's  standard  iron-gall  ink  containing  23.4  grms.  of  gallotannic  acid, 
7.7  grms.  of  crystalline  gaUic  acid,  30.0  gnns.  of  ferrous  sulmtate,  lo.o  grms. 
of  gum  arabic,  3.3  nrna.  of  hydrochloric  acid,  and  i.o  grm.  01  carbolic  acid  per 
litre.  This  iidt  is  allowed  to  stand  for  at  least  four  days  at  10°  to  13°  C,  and 
decanted  from  any  deposit. 

For  comparison  in  the  test  it  is  cokmred  with  a  suitable  dy«-stuff  to  match 
the  ink  under  examination.  The  paper  with  the  colour  strips  of  the  two  inks 
upon  it  is  exposed  to  the  air  for  eight  days  in  diffused  daylight,  and  is  then 
cut  hornwgtally  into  strips  which  are  immersed  in  water,  30  per  cent.  alcoh<rf 
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and  80  per  cent,  alcohol  respectively.    No  perceptible  bleaching  of  the  ink 
should  take  place. 

Examination  of  IIandwbiting. 

THE  FADING  OF  INK  IN  WRITING.  Acidity  in  the  Paprr.  Tlic 
fading  o(  the  writing  in  cc-rtuin  cl(K-unicnt8  has  been  found  to  be 
due  to  free  acid  in  the  paper.  To  determine  this  factor  Vandntlde  • 
macerates  10  grms.  of  the  paper  with  100  c.c.  of  water  for  24  hours, 
strains  off  the  liquid  and  titnites  the  filtrate  and  washings  with  A'/lo 
alkali.  The  acid  co-ellicient  thus  found  should  not  exceed  50.  In 
various  samples  of  pajK-r  thus  tested  it  ranged  frtim  o  to  280. 

Atmospheric  Influences.  The  rate  of  fading  of  an  ink  will  dejKnd 
upon  the  influence  of  gases  in  the  air  under  the  conditions  to  which 
the  writing  is  subjected.  If,  for  instance,  it  is  exiM)se<l  in  the  vicinity 
of  chemical  works  it  will  fade  more  rapidly  than  in  normal  air.  and 
the  particular  constituents  of  which  it  is  composed  will  also  affect  the 
results.  Light  and  moisture  will  also  promote  \hv  '»><»i'i<Ml 
changes. 

For  the  measurement  of  changes  taking  place  in  pij^iinnis  uii 
exposure,  lA)iibond'f  reconmiends  the  use  of  his  tintometer  (c/.  p. 
137),  and  classifies  colouring  matters  into  the  following  gn>ups  in 
accordance  with  their  behaviour  when  exi)osed  under  standanl 
conditions  :  (i )  Stable  colours  ;  (2)  Those  increasing  in  density  for  a 
time  ;  (3)  Those  in  which  one  factor  increases  while  the  other 
fades  ;  (4)  Those  in  which  all  factors  fade  ;  and  (5)  Those  which 
after  temporary  changes  revert  to  nonnal  conditions  of  jiermanency. 

OLD  MANUSCRIPTS.  We  have  already  pointed  out  that ,  although 
in  many  ancient  manuscripts  the  writing  is  as  distinct  as  when  first 
written,  there  are  also  numerous  cases  in  which  the  characters  have 
faded  to  such  an  extent  as  to  be  almost  illegible. 

Numerous  methods  have  been  suggested  for  restoring  the  intensity 
of  the  original  writing,  but  many  of  these  arc  open  to  the  objection 
that  they  injure  the  surface  of  the  material. 

The  ohlest  and  best  known  of  these  methods  was  to  sfionge  the 
writing  with  an  infusion  of  gidls,  the  tannin  of  which  would  once 
more  combine  with  the  iron  left  in  the  |)a{>er,  thus  forming  a  fresh  ink. 
This  methixl  was  described  in  the  lKH)k  of  Canneparius  in  KHki. 

A  much  more  reliable  method  was  that  first  proiM>se«l  by  Itlnfidcn  in 
1787,  which  was  based  on  the  formation  of  a  blue  comjM)und  by  the 
action  of  a  solution  of  |)otassium  ferrocyanide  and  dilute  hydrwhlorie 
add  on  the  residual  iron  in  the  pajier.  This  afTords  an  easy  means 
of  distinguishing  Ix'tween  carlxm  inks  and  iron  gall  inks,  and 
RIngden  was  thus  able  to  show  that  the  writing  on  certain  vellum 
•  JourH.  Sor.  Chem.  Ind.,  1907.  xxvi.  548.  t  t^*d-  »905.  '"t"^'.  -t>i- 
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inunuscripts  «>f  the  ninth  and  fifteen  centuries  consisted  of  iron 
ink. 

Lehnefa  method  of  applying  this  process  of  restoration  is  to  im- 
merse the  iHi|)or  for  a  few  seconds  in  one  per  cent,  pure  hydrochloric 
acid,  unil  t«)  allow  it  to  dry  spontaneously.  The  writing  is  then 
(histed  over  with  ptiwdered  |M)tassium  ferrocyanide,  and  covered 
with  a  glass  plate  on  which  is  placed  a  weight.  After  being  left  for 
a  few  hours  the  pa|>er  is  thoroughly  dried,  and  the  excess  of  ferro- 
cyanide removed  by  means  of  a  soft  brush. 

A  more  nuxU'rn  ami  less  dnistic  methcKl  is  to  use  a  solution  of 
anunonium  hydrosulphide,  which  is  applied  for  a  few  seconds  untiLthc 
writing  l)econu-s  darker,  and  is  then  s|X)nged  off  as  rapidly  as 
possible  after  the  desired  effect  is  obtained. 

In  this  method  the  basic  ferric  salt  into  which  the  ink  in  the  pa|>er 
had  decomposed  is  converted  into  the  black  ferrous  sulphide. 
Writing  thus  restored  may  speedily  be  reoxidised  so  as  nearly  to  dis- 
ir  again,  and  the  method  can  only  be  regarded  as  a  temporary 
iit-nt.  I^hner*  has  devised  the  following  means  of  keeping 
vvrtljug  thus  restored  for  a  longer  i>eriod  :  The  dami)ed  paper  is  sup- 
ported on  a  frame  of  threads  fixed  halfway  up  in  a  shallow  box  (four 
inches  deep),  whilst  ammonium  sulphide  is  placed  in  a  small  dish 
beneath.  The  twx  is  closed  by  a  glass  cover,  and  after  a  short  time 
the  vapours  of  ammonium  sulphide  act  on  the  writing,  which  becomes 
first  brown  and  then  black,  and  retains  its  intensity  so  long  as  the 
manuscript  is  left  in  the  box. 

PALIMPSESTS.  The  name  palimpsest  is  derived  from  the  Greek 
words  »raX«i'  =  agiiin.  and  natarot  =  rubbed.  It  is  applied  to  old 
manuscripts,  the  parchment  of  which  had  been  previously  used  for 
a  similar  puqwse.  This  practice  was  doubtless  due  to  the  cost  of 
new  material.  The  first  writing  on  the  skins  was  obliterated  by 
means  of  pumice  or  some  other  abrading  substance,  but  the  mechani- 
cal action  was  insullicient  to  remove  characters,  possibly  written  three 
or  four  centuries  earlier.  In  cases  where  the  iron  constituent  of  the 
ink  had  sunk  deeply  into  the  vellum,  it  would  be  almost  im{x>ssible 
ctjmpletely  to  eliminate  it,  and  the  use  of  the  reagents  described  above 
would  reveal  the  original  characters. 

Moridfs'  Process.  This  consists  of  softening  the  skin  by  leaving 
it  in  distilled  water,  then  treating  it  with  a  one  per  cent,  solution  of 
oxalic  acid  to  bring  the  residual  iron  in  the  paper  into  a  soluble  state, 
agsiin  rinsing  it  in  water  and  immersing  it  in  a  one  per  cent,  solution 
of  yallic  acid,  which  will  again  form  ink  with  the  iron.  Finally,  the 
liarcliment  is  washed  in  water  and  pressed  between  blotting  |)a}>er. 
Care  must.be  taken  to  avoid  an  excess  of  oxalic  acid,  wlii<li  tiiiu'ht 
•  Die  Tinlen  Fabrikation,  p.  1 44. 
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completely  destroy  the  writing,  unci  the  niethtxl  has  the  further 
drawback  that  the  parchment  is  sometimes  bhickcned  all  over  by 
the  gallic  acid. 

Lehner  advocates  exposing  the  parchment  to  strnm  nnd  then  to 
acetic  acid  va|)Ours  l)erorc  applying  the  gallic  acid. 

Potassium  thiocyanate  could  also  be  used  as  a  reagent,  or  the 
parchment  might  be  moistened  and  exposed  to  the  vapours  of 
ammonium  sulphide. 

It  may  also  be  noted  here  that  photography  affords  a  ready  and 
most  enicient  means  of  deciphering  such  partially  oblitenited 
writing,  the  pale  yellow  colour  of  the  iron  oxide  from  the  old  ink 
appearing  black  in  a  photographic  copy. 

Pringsheim  and  Gradeviss  *  have  devised  a  method  of  intensifying 
the  appearance  of  the  older  writing  on  a  palimpsest,  while  reducing 
that  of  the  newer  writing.  Two  coinciding  photographic  negatives, 
A  and  B,  are  made  from  the  parchment,  but  of  different  intensity. 
On  the  first  the  old  writing  is  brought  out  as  strongly  as  possible, 
while  the  new  writing  is  made  as  faint  as  j>ossible.  On  the  second 
negative  the  two  writings  are  rendered  about  equally  intense. 
A  glass  positive  is  then  prepared  from  this  second  negative  and  is 
superposed  on  the  first  negative  so  that  the  lines  coincide.  On  now 
examining  them  by  transmitted  light,  the  surface  of  the  |>archment 
(strong  in  the  negative,  and  faint  in  the  |>ositive)  and  the  newer 
writing  (faint  in  the  negative  and  strong  in  the  positive)  will  neu- 
tralise each  other,  while  the  older  writing  (strong  in  both  negative 
and  positive)  will  be  rendered  nnieh  more  visible. 

WRITING  ON  CHARRED  PAPER.  Ilabrrmann^  has  devised 
methods  of  rendering  the  writing  visible  upon  paper  which  has  been 
charred,  though  not  to  the  extent  of  leaving  a  white  ash. 

In  most  cases  writing  in  iron-gull  ink  leaves  a  dejHJsit  of  iron  oxide 
which  is  still  visible  after  incineration  of  the  |M»|K>r — but  many 
printing  inks  disap|>ear  entirely.  Others  containing  l^russian  blue 
are  plainly  visible. 

Pencil  marks  from  ordinary-  graphite  are  nearly  alwa>'s  visible, 
provided  the  heat  of  incineration  has  not  been  excessive.  Red  pencil 
marks  are  burned  away,  but  blue  marks  persist  owing  to  the 
presence  of  iron  in  the  pigment. 

In  eases  where  the  ash  is  not  sufllciently  coherent  the  following 
methml  Is  suggested  :  the  carbonised  fragments  are  |minted  on 
the  side  that  is  free  from  writing  with  a  lo  i>er  cent,  solution  of 
aluminium  acetate  or  with  the  *'  tixing-Huid  "  (containing  magnesium 
and  thorium  nitrates)  used  for  strengthening  gas  mantU*s.     They 

•  Mntpratt*  //aurffcurA  Techm.  Chrm..  t9«>5.  viii.  IJ97. 
t  Zt*t-  nnitl.  ChftH.,  KICK),  xlviii.  72Q. 
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are  then  dried  and  gently  ignited,  so  as  to  leave  a  white  coherent  ash. 
In  the  case  of  pencil  nuirks  there  is  some  risk  of  burning  off  the 
gniphite  if  nitrates  be  used,  and  aluminium  acetate  is  therefore 
preferable  for  the  strengthening,  although  it  gives  a  less  coherent  ash. 


Forged  Handwriting. 

The  police  reports  abundantly  prove  that  the  crime  of  forgery 
fre<iuently  engages  the  attention  of  our  magistrates.  This  is  not 
surprising  when  we  rememljer  that  the  means  are  in  the  hands  of 
everj'  one,  and  that  bankers'  cheques  are  a  connnon  medium  of  ex- 
change. The  usual  evidence  calle<l  by  the  prosecution  is  that  of  the 
handwriting  ex|>ert,  who  bases  his  opinion  on  the  form  and  jK'culiari- 
ties  of  the  writing.  We  are  inclined  to  think  that  much  more  stress 
miglit  in  many  cases  be  laid  ujwn  the  chemical  asjxjct  of  the 
ipiestion.  >Vliat  we  mean  is  that  in  a  case  where  additional  letters 
or  figures  have  been  added  to,  say,  a  banker's  draft,  it  would  be 
comparatively  easy  to  ascertain  whether  the  interjwlated  characters 
had  or  had  not  been  written  with  the  same  ink  as  that  used  for  the 
body  of  the  document.  When  there  is  any  objection  to  bringing 
chemical  reagents  in  contact  with  the  original  paper,  the  camera  can 
be  employed  in  the  way  first  brought  into  prominence  by  Dr.  Paul 
Jeserich,  which  we  describe  at  length  in  a  subsequent  page. 

BLEACHING  AGENTS.  It  is  possible  to  remove  completely  all 
tracis  of  ail  ink  stain  (not  containing  carbon)  by  the  use  of  suitable 
bleaching  reagents,  among  which  may  be  mentioned  solutions  of 
chlorine,  bromine,  acidified  bleaching  jwwder,  &c. 

Traill,  in  the  course  of  his  research  into  the  permanency  of  inks, 
tested  the  effect  of  various  reagents  on  the  writing  done  with  ordinary 
iron  gall  ink,  and  classified  them  into  the  following  groups  ; 

I.  Those  completely  effacing  the  icriting  : 

Solutions  of  chlorine  ;   chloride  of  lime  with  weak  acid  ;    anti- 
mony chloride  ;  dilute  aqua  regia  ;  and  oxalic  acid. 

II.  Those  effacing  the  writing  to  a  large  extent : 
Dilute  nitric,  sulphuric,  and  hydrochloric  acids. 

III.  Those  rendering  the  writing  faint : 

Solutions  of  pKitassium  and  stnlium  hydroxides  and  ammonia. 
To  the  first  group  we  may  add  the  following  substances  :  Bromine, 
sulphur  dioxide,  sodium  nitrite  with  hydrochloric  acid,  and  citric 
acid  ;    whilst  hydrogen  |K'roxide  solution  and  [>otassium  bisulphatc 
speedily  render  the  writing  very  faint. 

^Vs  has  been  already  mentioned,  the  addition  of  indigo  to  iron 
gnll  ink  renders  it  much  more  resistant  to  the  action  of  these 
reagents. 
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DIFFERENTIATION  OF  WRITING  DONE  WITH  DIFFERENT 
INKS.  If  writinj{  from  various  sourct's  be  subjected  to  u  systeiiiutic 
scries  of  tests,  differences  in  that  done  with  different  inks,  or  even  at 
different  |)erio<is,  will  jjfcnemlly  be  observed.  For  instance,  in  the 
case  of  the  reagents  used  by  Traill  (supra),  fifty  enveloix's  were  tested, 
and  the  writing;  on  n«>  two  of  them  pive  identical  results. 

Robertson  and  Hoffman  ♦  employed  the  followinjj  reagents  for 
distinguishing  between  writing  done  with  different  kinds  of  ink.  In 
each  case  a  feather  was  dip)K-d  in  the  reagent  and  a  note  taken  of  any 
change  tK^curring  at  the  junction  of  the  ink  an<i  pajn'r. 

In  Fig.  34  we  show  the  results  of  testing  the  writing  done  with 
different  commercial  inks  with  certain  bleaching  reagents. 

Obviously  these  tests  can  only  Ije  looked  upon  as  typical  examples, 
for  numerous  other  substances  are  added  to  modem  inks,  and  each  of 
these  may  play  a  part  in  modifying  the  reaction  given  by  any  par- 
ticular reagent. 

The  reagents  that  the  writer  has  usually  found  sufficient  for  the 
differentiation  of  inks  in  writing  are  the  following  :  (i)  Hydrochloric 
acid  (5  per  cent,  solution) ;  (2)  Oxalic  acid  (5  per  cent,  solution)  ; 
(3)  Stannous  chloride  (10  |>er  cent,  solution);  (4)  Nascent  hydrogen 
(50  per  cent.  HCl  with  zinc)  ;  (5)  Bromine  (saturated  aqueous 
solution) ;  (h)  Bleaching  powder  (saturated  solution) ;  (7)  Titanous 
chloride  (commercial  solution) ;  (8)  Potassium  ferrocyanide  (5  per 
cent,  solution  containing  i  per  cent,  of  HCI). 

Of  these  reagents  the  two  first  act  mainly  upon  the  iron  tannate 
and  leave  the  provisional  colouring  matter.  The  third  and  fourth 
bleach  the  iron  tannate,  and  reduce  the  provisional  pigment,  chang- 
ing its  colour.  The  fifth  and  sixth  reagents  have  an  oxidising  action 
upon  both  pigments,  and  cause  more  or  less  sujjcrficial  bleaching. 
The  titanous  chloride  solution  is  a  powerful  reducing  agent  towards 
lK)th  pigments,  while  the  acidified  ferrocyanide  solution  acts  mainly 
u|H)n  the  iron  liberated  from  the  iron  tannate. 

The  reagents  may  Ik*  conveniently  applied  by  means  of  a  pipette, 
the  end  of  which  is  drawn  out  to  a  capillar^-  ix)int,  and  the  writing 
should  l>e  examined  both  by  reflected  and  transmitted  light,  first 
after  five  minutes'  and  then  after  twelve  hours'  exposure  to  the 
air. 

The  colorations  that  appear  on  the  wrong  side  of  the  paper  are 
sometimes  also  very  characteristic,  especially  in  cases  where  there 
hais  l>cen  su|>erficial  bleaching.  In  using  titanous  chloride  it  is 
advisable  to  take  up  the  excess  of  the  reagent  with  blotting  paper 
five  minutes  after  its  application  to  the  paper. 

By  means  of  these  eight  reagents  the  writer  was  able  to  distinguish 
•  Eisner,  Die  Praxis  der  Chtmiker.  p.  598. 
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between  nil  the  inks  mentioned  in  the  preceding  table,  and  his  results 
are  given  in  tabular  form  on  p.  123.* 

An  a  rule  the  pigments  used  us  proviNional  colouring  matters  offer 
much  greater  resistance  to  the  action  of  chemical  reagents,  whereas 
they  are  much  less  stable  than  the  iron  tannate  when  exposed  to  the 
action  of  light  and  air. 

For  matching  and  recording  the  colorations  obtained  with  the 
different  reagents  the  colo!ir  microscope  devised  hy  Mr.  Osbom 
(p.  138)  will  be  found  useful. 

Or  colour  standards  may  be  prepared  in  the  manner  mentioned 
on  p. 137. 

The  presence  of  chromate  in  an  ink  may  be  detected  by  van  EcWa  f 
test  with  a-naphthylamine  and  tartaric  acid,  after  destruction  of  the 
tem|)oniry  colouring  matter  by  an  oxidising  agent.  Henzidine  also 
gives  a  blue  colonition  with  chromatcs. 

For  the  detection  of  forgeries  in  documents  C'hrv<illirr  %  recom- 
mended the  following  systematic  series  of  tests  :  ( i )  Examination  of 
the  surface  of  the  paper  with  a  magnifying  glass  ;  (2)  treatment  with 
distilled  water  ;  (3)  with  alcohol  ;  (4)  with  l)lue  and  red  litmus  ;  nnd 
(5)  with  various  chemical  reagents. 

i.  The  colour  of  the  ink  is  noted  and  any  irregularities  in  the  ('<l;.'(  s 
of  the  characters.  If  there  has  been  any  mechanical  treatnuiit  the 
paper  may  ap|K-ar  thinner  in  some  places  than  in  others. 

ii.  Water  may  be  absorbed  more  rapidly  by  one  part  than  another. 

iii.  The  object  of  the  alcohol  test  is  to  detect  removal  of  the  size 
in  the  treatment  which  remove<l  the  writing.  The  writing  on  the 
rubbed  part  spreads  out  niore  and  i>enel rates  into  the  |>a|x>r.  Skilful 
forgers  have  employed  rosin  and  glue  to  restore  the  surface  of  the 
pai)er.  To  detect  this  the  pa{)er  is  first  treated  with  hot  water  and 
then  with  alcohol. 

iv.  The  moistened  document  is  placed  between  sheets  of  blue  or 
red  litnuis  on  which  is  placed  a  weight,  and  a  note  taken  of  any 
change  in  colour  and  whether  it  is  uniform. 

V.  The  writing  is  moistened  and  treated  with  various  intensifying 
reagents  such  as  gallic  acid,  f>otaHsium  fernK'yanide.  alkali  sulphitle, 
or  hydrogen  sulphide,  the  treatment  l>cing  repeated  after  twenty-four 
hours.  Sometimes  prior  writing  ap|>ears  after  the  lapse  of  ten  to 
thirty  days. 

Chevallier  and  Lasaaigne  §  advocate  the  iix-  of  iiMline  \'apour 
applied  to  the  moistened  |>aper,  a  blue  spot  ap{M-arin};  wlure  the  sizing 
has  been  erased,  whilst  the  remainder  of  the  surrart-  l>cciiniest>mwn. 

•  AnalM,  1908.  xxxiii,  80.  f  Chrm.  H  r.^U/,1,/.  u,js.  \i\.  7. 

X  DingUr'a  fol^.  Joum..l8i2,  \\y\    11. 
I  Eisner,  fee.  eit.,  p.  600. 
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The  t»|H>t8  are  then  best  treatc<l  with  sulphur  dioxide  solution, 
then  with  a  3  per  cent,  solution  of  hydrogen  i)eroxide,  and  lastly  with 
ammonia.  After  removal  of  the  excess  of  the  last  reagent  tannin 
may  be  used  to  render  any  characters  darker  and  more  visible. 

Potassium  fluoride  does  not  act  u\Hm  indigo  or  aniline  blue  ;  but 
if  characters  made  with  Prussian  blue  be  moistened  with  the  solution 
an<l  steam  passed  over  them,  white  flecks  a|)j)ear. 

ESTIMATING  THE  AGE  OF  WRITING.  In  some  cases  it  is 
|)ossiblc  to  f(»rm  an  approximate  idea  of  the  age  of  ink  in  writing, 
though  it  is  rarely  possible  to  si>cak  definitely  upon  the  point.  The 
principles  ui)on  which  any  such  conclusions  must  be  based  arc  firstly 
the  colour  of  the  ink  and  secondly  the  speed  of  reaction  with  certain 
chemicals. 

The  Colour.  When  blue-black  ink  is  freshly  applied  to  the  paper 
the  provisional  blue  colour  will  predominate,  and  the  ink  will  appear 
bright  blue  even  to  the  naked  eye.  Hut  the  black  iron  tannate  rapidly 
forms,  and  gradually  masks  the  blue  colour,  so  that  the  ink  when 
examined  under  the  microscoj)e  will  appear  of  a  deep  violet  shade. 
This  change  in  colour  of  the  ink  proceeds  fairly  rapidly  in  the  light, 
but  more  gniduaily  in  the  dark,  but  in  any  case  is  usually  complete 
in  the  course  of,  at  the  outside,  a  few  months.  Now  if  the  ink  upon  a 
document,  alleged  to  be,  say,  two  or  three  years  old  is  of  a  bright 
blue  colour,  and  is  found  by  a  chemical  test  to  be  a  blue-back  iron 
gall  ink,  the  fact  is  at  once  highly  suspicious.  If,  further,  the  ink  is 
found  to  change  colour  and  l>ecome  more  violet  on  exposure  to  light 
and  air,  there  can  be  but  little  doubt  but  that  it  is  not  as  old  as 
alleged,  since  it  would  have  reached  its  maximum  intensity  long 
Ijcfore  then. 

In  order  to  obtain  a  standard  of  comparison  it  is  necessary  to  have 
a  record  of  the  colour  when  first  examined  under  the  microscope. 
One  method  of  taking  this  record  is  to  prepare  a  series  of  colour 
stripes  from  aniline  dyes,  and  to  match  the  colour  of  the  ink  under 
the  nucrosco|)e  agiiinst  these  standards. 

Then  by  again  comparing  the  standards  with  the  ink  after  it  has 
been  exposed  to  the  air  and  light  for  several  days  it  is  possible  to 
ascertain  whether  any  change  in  colour  has  taken  place. 

This  method  has  been  successfully  used  by  the  writer  in  several 
cases,  but  it  involves  the  use  of  a  large  mmiber  of  standard  strijics, 
and  the  colour  comparison  microscope  invented  by  Mr.  A.  E.Osbom 
of  New  York  obviates  many  of  these  difficulties. 

THE  COLOUR  BUCROSCOPE.  This  ingenious  adaptation  of  Lovi- 
bonds  tint<>nut<T  to  tlir  cxaiiiination  of  inks  under  the  microscope, 
shown  in  Fig.  35,  is  made  by  the  Bausch  and  Lomb  Optical  Co.  of 
Rochester,  U  J^..\.     It  consists  of  two  distinct  body  tubes  fitted  into 
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a  prism  box,  in  which  is  a  double  priHin.  The  effect  of  this  is  to  make 
each  half  of  the  field  appear  adjacent  when  viewed  through  the  fdnf^le 
eye-piece.     In  each  of  these  tubes  is  a  slot  witli  shdin>;  shutter 

intended  for  the  introduction 
of  the  Lovibond  standard 
glasses. 

These  arc  made  in  tints 
risini;  in  measured  gradations 
from  the  ver\'  faintest  yellow, 
red,  or  blue  to  deep  shades  of 
the  stinic  colours.  By  using 
several  of  these  glasses  in 
combination  it  is  {Missible  to 
match  any  shade  and  to  keep 
a  record  of  it,  so  that  a 
numerical  expression  can  Ik? 
given  of  the  colour  of  the 
writing  at  the  moment  of 
examination. 

For  example,  Mr.  O^borti  ♦ 
examined  the  colours  of  the 
iron  gall  inks  of  four  different 
manufacturers,  after  being  ex- 
posed on  bleached  white  rag 
paper  for  forty-eight  hours, 
and  obtained  the  following 
results  : 
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stnikcs  were  examine<i.  In 
proctice  Mr.  Osborn  finds  it 
advisable  to  exaiiiinr  also  the  lighter  i>ortionsof  the  writing,  in  which 
slight  changes  of  hue  are  the  nmre  rea<lily  |>ereeptible.  The  writer's 
ex|)eriencc  with  e«»lour  standards  sjH'eially  prefMired  fn»m  aniline 
colours  is  ill  aeeordanee  with  this.  The  lighter  tints  are  more 
readily  matehed  than  the  darker. 

When  onee  the  black  pigment  has  attained  its  full  intensity  no 
further  conclusions  can  be  drawn  from  a  eom|>arison  of  the  colour, 

•   Qutttiomtd  Docuiurnlf.  V.    \<<t. 
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until  such  time  as  the  blue  pigment  has  begun  to  fade  Away  under 
the  influence  of  air  or  light. 

The  black  iron  tannate  is  much  more  stable  to  atmospheric  in- 
llucnces  than  the  dye-stuffs  used  as  provisional  pij^ients,  whereas 
the  latter  usually  offer  greater  resistance  to  chemical  agents.  Hence 
an  ink  that  was  eventually  bright  blue  will  first  become  violet-black 
an<l  eventually,  after 
the  lapse  of  jKjssibly 
many  years,  will 
change  to  brownish 
black  or  bn)wn,  when 
the  blue  pigment  has 
cntirelv  disappeared. 

CHEMICAL 
TESTS  OF  AGE.  The 
ronnatiun  of  the  irt)n 
tannate  in  the  darken- 
ing of  ink  tends  not 
only  to  mask  the 
colour  of  the  pro- 
visional blue  pigment, 
but  also  to  enclose  its 
particles  in  such  a 
way  that  they  offer 
iiuich  greater  resist- 
ance to  the  action  of 
a  chemical  reagent. 

For  example,  if 
writing  a  month  or 
two  old  be  treated 
with    a    5    per    cent. 

solution  of  oxalic  acid  the  black  pigment  will  be  bleached  at  once, 
while  the  blue  pigment  will  nm  over  the  paper.  After  the  course 
of  three  or  four  years  the  iron  tannate  will  have  become  so  firmly 
fixed  upon  the  paper  that  it  will  only  react  relatively  slowly  with 
an  acid  reagent,  and  the  blue  pigment  will  show  little  signs  of 
diffusion ;  and  after  anftther  year  or  so  the  reaction  will  be  extremely 
slow,  and  all  indications  of  diffusion  will  stop.  These  differences 
are  illustrated  in  Fig.  36.  the  lines  of  which  were  written  with  the 
same  make  of  ink  at  an  inter\'al  of  ten  years. 

In  the  case  of  Rfx  v.  Pilcher  the  writer  found  that  the  ink  upon  a 
will  alleged  to  be  twelve  years  old  reacted  immediately  with  several 
reagents  and  gave  a  copious  smudging  of  ihe  blue  pigment,  while  all 
indications  of  the  black  pigment  at  once  disappeared.     Parallel  tests 


Fig.  36 


Writing  of  difTcrent  a_ 
the  same  reagent . 


(I  with 


140  INKS  AND  THEIR  MANUFACTURE 

upplicd  to  the  inks  ufMm  a  scries  of  cheques  written  by  the  testatrix 
showed  fuirly  rapid  reaction  and  diffusion  in  the  ciise  of  thoKc  writti n 
two  and  three  years  previously  ;  much  less  rapid  reaction  and  vcr>' 
little  diffusion  in  those  written  Ave  years ;  while  after  six  years  the 
reaction  l>ccanic  very  slow  and  there  were  hardly  any  sij^ns  of  diffu- 
sion of  the  blue  pigment.  On  the  cheques  twelve  years  ol<l  the  ink 
was  uiuiffecteil  for  a  long  {leriod  by  the  reagent.  The  inks  were 
proved  by  a  series  of  tests  to  be  the  same  kind  of  blue-black  ink,  and 
of  a  similar  type  to  that  U|>on  the  will. 

In  drawing  conclusions  from  such  tests  care  nmst  be  taken  that 
the  amount  of  ink  as  shown  by  the  microsco|>e  is  al>out  the  same  as 
that  u|K>n  the  d(K*umcnt  in  ciuestion.  That  is  to  say  heavy  writing 
nuist  be  compared  with  heavy  writing,  and  the  ink  must  naturally 
be  of  the  sanie  type. 

In  abnormal  cases  where  an  excessive  amount  of  ink  had  been  used, 
some  diffusion  of  the  blue  pigment  may  occur  even  after  the  lapse  of 
twelve  years.  But  even  then,  it  occurs  only  u|X)n  the  surface  of  the 
writing,  and  does  not  affect  the  whole  of  the  ink — whereas  in 
recently  written  ink.  diffusion  is  general  and  affects  all  the  pigment 
present , 

•Moreover,  the  microscopical  ai)|H'arance  of  the  treated  ink  is  very 
different  in  the  two  cases.  In  the  oUl  writing  the  letters  will  generally 
show  an  outline  of  black  pigment,  which  has  offered  greater  resistance 
to  the  reagent  than  the  rest  of  the  letters. 

PHOTOGRAPHIC  METHODS.  For  several  years  \mst  considerable 
attention  has  been  direetcil  to  the  application  of  the  camera  to  the 
detection  of  alterations  in  manuscripts  and  printed  matter.  The 
chief  advantages  of  photographic  methods  over  chemical  tests,  if 
equally  eflicient,  arc  that  the  document  under  examination  is  not 
affected  in  any  way,  and  that  details  can  l>e  magnified  to  any  require<l 
extent  for  closer  examination.  The  latter  (H)nsideration  is  of  s|)r<Mal 
im|)ortancc  in  cases  where  a  document  forms  the  subjf>ct  of  in(|uir\- 
before  a  court  of  law,  and  where  it  is  necessarj*  to  demonstrate  its 
characteristics  to  a  judge  and  jur>'. 

Mechanical  Erasure.  We  have  previously  noted  that  any  oblitera- 
tion of  writing  by  mechaniciil  means  can  almost  invariably  In*  detected 
by  the  eye,  owing  to  the  greater  transparencj-  of  that  jxirtion  of  the 
paper.  Such  thinning  of  the  paper  would  be  detected  still  more 
surely  by  photographing  it  by  transmitted  light,  the  local  injury 
appearing  on  the  negative  as  a  blot  of  greater  density.  If  photo* 
graphed  in  direct  light  the  abrasion  wouUl  prolmbly  not  be  apparent. 
If,  on  the  other  hand,  the  light  were  allowed  to  fall  obliquely  upon  it, 
the  roughened  fibres  would  stand  out  distinctly  unless  some  special 
means  had  been  adopted  for  concealing  the  injury*  {vide  tupra). 
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Chemical  liemuval  of  Writing.  The  slight  yellow  stain  which  is 
usuully  the  effect  of  removing  writing  by  the  application  of  chemical 
reagents,  though  hardly  noticeable  to  the  naked  eye,  will  be  accen- 
tuated in  the  photographic  negative. 

Dratrnction  of  Sizing.  NVIien  writing  has  been  removed  by 
mechanical  or  chemical  means,  the  size  or  other  dressing  on  the  {mper 
nu»y  be  simultaneously  removed.  This  agtiin  would  often  be  in- 
visible to  the  eye,  but  would  Ik?  readily  revealed  by  the  camera,  for 
any  ink  marks  on  the  rough  places  would  spread  to  a  certain  extent 
over  the  now  unshielded  fibres  of  the  paper.     An  enlargement  of  a 


Fro.  37. 


few  diameters  only  would  render  manifest  the  rough  edges  of  the 
lines. 

Alterations  and  Additions  to  IVriting.  It  is  not  diflicult  for  a  skilful 
forger  to  alter  letters  or  figures  so  as  to  deceive  the  casual  observer. 
Thus  a  o  might  be  turned  into  a  6  or  9,  or  the  word  "  eight  "  changed 
to  '•  eiglity."  These  alterations  would  be  detected  by  a  photo- 
graphic enlargement. 

The  writer  is  indebted  to  Mr.  A.  Osborn  of  New  York  for  the  actual 
examples  of  such  alterations,  shown  in  the  accompanying  illustra- 
tions. Fig.  37  represents  part  of  a  cheque  on  which  the  number 
"  II  "  had  been  converted  into  "  17."  This  would  probably  escape 
notice  in  the  actual  writing  (shown  in  the  inset),  but  is  manifest  in  the 
enlargement. 

It  is  often  of  importance  to  learn  whether  particular  lines  were 
added  subsequently  to  the  rest.  For  example,  if  the  crossing  of  a 
**  t  "  were  shown  to  be  beneath  the  vertical  line,  attention  would  at 
once  be  directed  to  the  abnormal  character  of  the  writing.  The  way 
in  which  such  sequence  of  lines  may  be  shown  by  photography  is 
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illustruted  in  Fig.  38.     Fig.  39  is  |)nrticularly  interesting.     It  n  prr- 
sents  a  photograph  by  transmitted  Hght,  showing  that  the  original 


♦•••  ••• 


Fw.  38. 

flgures  punched  in  a  cheque  for  $24  had  been  carefully  filled  in,  and 
$2400  had  been  punched  on  the  same  ground. 

For  further  particulars  of  the  application  of  scientific  methods  to 
the  examination  of  handwriting,  the  reader  may  be  referred  to  Mr. 

Osftorn's  standard  work.* 

Photofirnphic  Distinction  betiveen  Different  Inks.     Jeserich  f  was 
the  first  to  assert  that  inks  apparently  black  were  really  brtiwn,  blue. 


Fw.  39. 

or  red  in  tint.  \\h.  n  tlr>'  upon  the  paper;  and  that  such  differences 
were  clearly  shown  in  an  ordinar>-  photogmphic  negative,  and  still 

•  QurjilionrH  Iktcumrmlti,  Hwhfutrr    N  > 
t   Journ.  Hot/.  Phot.  Sac. 
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inort"  so  in  one  taken  by  the  isoehroniatic  met  hod.  This  .stattinent 
has  btH'n  re|ieated  by  Minovici,*  and  quoted  in  different  journals. 

We  have  made  experiments  as  to  this  point,  Mriting  a  scries  of 
words  with  different  commercial  inks.  Differences  of  intensity  were 
distinctly  visible  to  the  eye,  and  the  photograph  taken  on  an  ordinary 
plate  by  daylight  revealed  no  more. 

We  have  also  photogntphed  the  same  writing  with  a  Cadett  spec- 
trum plate  and  *"  Absolutus  "  screen,  without  attaining  any  different 
effect.  It  is  evident  that  this  methoti,  even  if  it  yield  gootl  results  in 
particular  cases,  is  not  generally  applicable. 

•  Bull   ■l-ll'i   *«'"■•     l-\,hu,r,,f    Jdiliftnii.  io<x>.  xii.  349. 


SECTION  II. 
PRINTING  INKS. 

CIIAPTKH  VIII. 
EARLY  BIETHODS  OF  BIANUFACTURE. 

CoNTlXTS. — Hwtorical  :  China  :  Greft-e  and  Ronu«  :  England  :  Early 

printed  bookii  :  Early  methods  of  manufacture  :  Fertef's  metliod  m 

making  ink  :  Breton's  method  :  Savage's  method  of  manufacinre  : 

Modem  methods  of  preparing  ink. 

HISTORICAL.  China.  A  work  which  is  said  to  have  l>efn  written 
(luring  tlif  rtign  of  Wu  Wang,  about  1200  B.C.,  makes  mention  of  the 
blackening  of  engraved  characters,  but  it  tltK's  not  seem  to  be  clear 
whether  tliis  refers  to  inscriptions  on  stone  which  would  be  thus 
rendered  more  legible — a  method  still  in  use  by  monumental  masons 
— or  to  blocks  to  be  afterwards  used  to  yield  impressions  upon  another 
surface.  It  seems  certain,  however,  that  a  primitive  nuxie  of  printing 
was  known  by  the  Chinese  as  early  as  50  B.C.,  but  that  not  much 
advance  was  made  tmtil  the  reign  of  Ming-Tsting,  927  a.d..  when 
certain  volumes  were  printed  from  stone  blocks  for  the  imperial 
College  at  Pckii  .  In  this  early  example  of  the  printer's  art  the 
characters  were  cut  into  the  surface  of  the  stone,  so  that  when 
printed  they  would  appear  as  white  on  a  black  gr«)und.  Shortly 
afterwards  engraved  blocks  of  wckmI.  with  the  letters  in  relief,  were 
uscil  for  another  edition  of  the  same  work.  In  the  eleventh  centur>- 
an  ingenious  Chinese  block  was  made,  with  cut  or  moul<le<l  characters 
in  cubes  of  porcelain,  and  these,  after  being  baked  to  harden  them, 
were  pressed  into  a  bliK'k  of  cement  so  that  they  could  be  printed 
from.    The  meth<Ml  was  not  followed  up. 

The  adoption  of  movable  ty|H*s  in  China  was  rendered  difncult  for 
the  reason  that  in  the  Chinese  language  the  wonls  cannot  be  resolxTtl 
into  the  letters  of  an  alphabet.  Kach  wort!  requires  a  separate 
character,  and  as  there  are  about  .Ho,ooo  of  them,  of  which,  however, 
only  14,000  to  15,000  are  in  common  use,  the  Chinese  printer  must  Ik* 
a  man  of  exceptional  agility.  Nevertheless,  a  large  numlxT  of  Uxikii 
and  |M>ri(Mlicals  arc  now  printed  in  China.     It  is  obvious  that  the 
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Chinese  tiad  only  to  add  vurnish  to  the  block  pigment  fumiliartothem 
in  order  to  compound  a  ^(mnI  printing  ink. 

Greece  and  Rome.  Althoujjli  both  tlie  (>rceks  and  Romans  were 
acquaintoil  witli  tlu-  art  of  enjjmving  on  metals  at  a  very  early  |K'riod, 
there  is  no  trace  of  any  attempt  being  made  to  transfer  designs  so  cut 
to  other  substances,  if  we  except  certain  stamps  which  were  employed 
to  mark  bricks  and  articles  of  |H>ttery.  There  was  no  inducement  to 
stimulating  invention  in  this  direction  while  slave  laliour  could  be 
em|>loyed  for  writing  documents,  and  we  can  easily  imagine  that 
with  the  decline  of  Home  liteniture  would  only  be  cultivated  by  the 
very  few.  But  as  soon  as  pa|)er  began  to  be  known,  and  was  recog- 
nised as  a  uni(]ue  material  for  letter-writing  and  for  the  making  of 
books,  the  minds  of  many  must  have  instinctively  turned  to  the 
possibility  of  multiplying  copies  by  an  engraved  surface,  and  an  im- 
|)n-^si(>n-giving  medium. 

I'.iiiiland.  Carton  came  to  England  and  set  up  a  press  in  West- 
minster about  A.D.  1477  (the  exact  date  has  not  been  ascertainable), 
but  the  first  pai>er  mill  was  not  established  in  England  until  1498. 
The  printing  press  was  therefore  ready  nearly  twenty  years  before 
the  means  existed  in  this  countrj'  of  supplying  it  with  its  first 
requisite.  But  in  Italy  and  Germany  paper  mills  were  at  work  in  the 
thirteenth  centurj',  and  in  France,  Switzerland,  and  Austria  in  the 
fourteenth.  The  arts  of  printing  and  paper-making  naturally  reacted 
one  upon  the  other  for  the  advantage  of  each,  and  the  Chinese  are 
believed  to  be  the  first  nation  which  benefited  by  their  partnership. 

EARLY  PRINTED  BOOKS.  Many  examples  of  early  printing  can 
be  seen  in  the  galleries  of  the  British  Museum  ;  and  it  is  interesting 
to  examine  the  specimens  disphiyed  in  cases  in  the  King's  library 
there,  if  only  to  note  the  manner  in  which  they  have,  with  very  few 
exceptions,  preserved  their  pristine  apiiearance. 

lilock  Books.  Beginning  with  the  block  books,  i.e.,  books  in  which 
both  cuts  and  letterpress  were  cut  in  solid  wockI  blocks,  we  find  that 
.the  earliest  bears  the  date  1470,  and  we  learn  fnjm  the  catalogue  that 
"  the  long-accepted  belief  that  letter-printing  from  the  solid  block 
was  necessarily  prior  to  that  from  movable  types,  and  must  therefore 
have  been  introduced  by  about  1440,  is  now  seriously  challenged." 

The  block  book  was  only  used  for  works  of  a  popular  character,  and 
answered  the  puq)ose  of  the  modem  stereotype  block  from  which  a 
number  of  copies  can  be  printed  without  the  necessity  of  resetting 
type.  These  early  books  were  presumably  printed  without  the  help 
of  a  press,  the  impression  being  obtained  by  rubbing  the  back  of  the 
sheet  while  it  was  in  contact  with  the  thinly  inked  block.  Only  one 
side  of  the  pajK-r  was  printcfl.  the  other  being  left  blank.  In  later 
••xainples,  however,  both  sides  of  the  paper  were  printed  on.  and  it  is 
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interesting  to  note  that  the  ink  (K'netrated  Hufliciently  into  the  sub- 
stance of  the  pa[)er  as  to  l>c  distinftiy  seen  through  as  the  \r.itrr  Mrs 
open  in  its  present  situation. 

In  C-asc  I.,  which  is  devoted  to  thi-so  block  books,  the  first  rxampir 
exhibited,  the  product  of  an  unknown  printer  in  the  Netherlands, 
shows  that  an  ink  has  been  employed  which  was  either  brown  in 
colour  originally,  or  has  faded  to  that  hue.  The  more  probable 
explanation  is  that  the  ink  was  made  of  an  impure  caHion,  which 
would  give  a  brown  tint.  In  all  the  other  examples  in  the  same  case 
the  printing  ink  is  of  a  full  black,  although  instances  arc  not  wanting 
in  which  for  lack  of  liberality  on  the  part  of  the  printer  it  <1«m's  not 
present  a  complete  opacity. 

These  early  works  follow  the  old  manuscript  model  in  tin-  po^s,  s. 
sion  of  large  ornamental  initials,  and  other  adornments  which  \m  rt 
afterwards  added  by  the  "  rubricator."  In  one  specimen  we  can  ii<  't . 
that  the  capital  letter  at  the  commencement  of  everj'  sentence  h:i><  mi 
upright  stroke  of  red,  which  has  as  obviously  been  executed  by  hand 
as  has  been  the  rough  colouring  of  some  of  the  picture  blocks.  The 
specimen  referred  to  is  known  as  the  42-line  Bible,  which  is  attributed 
to  the  press  of  Gutenberg  at  Mainz,  al)out  1  455.  The  red  colour  has 
apparently  much  deterionitcd,  and  it  would  be  interesting  to  know 
the  nature  of  the  pigment.  In  another  example,  the  36-line  Riblc. 
also  from  Mainz,  the  red  initials  show  a  full  scarlet. 

German  Books.  In  Case  V.,  which  is  devoted  to  examples  of  i  ..1  '.\ 
printing  from  Germany,  we  find  the  first  illustrated  edition  of  Virgil, 
1502  A.D.,  with  a  preface  in  which  the  compiler  boasts  in  Latin  verse 
that  by  the  help  of  the  pictures  the  ignorant  will  be  able  to  follow  the 
text  as  well  as  the  learned.  The  illustrations  are  certainly  verj* 
good,  with  engraved  lines  of  such  fineness  that  they  must  have 
required  an  ink  of  fair  quality  to  do  them  justice.  There  is  no  trace 
of  fading  in  any  of  these  books,  nor  should  we  expect  to  find  any. 
For  carbon  is  imperishable  exce|)t  by  the  agency  of  fin».  an<l.  h:i| 
as  it  is  the  most  easily  obtained  and  chea|K'st  black  pik'nu-n!  ki  , 

it  was  naturally  adopted  by  the  first  printers. 

In  some  cases  the  ink  is  seen  to  have  "set  off"  on  llu  ,.^;, ...,.;. 
page,  a  fault  from  which  modem  books  are  by  no  means  free,  showing 
that  the  varnish  used  with  the  carbon  was  improperly  prepared,  or 
that  an  impure  form  of  lamp-black  was  used. 

Italian  Books.  In  Case  VI.,  Italy.  1465-1472  A.D..  we  find 
specimens  of  printing  which  are  ver>'  brown  in  tone.  In  one  example, 
especially  No.  7,  there  arc  two  full-|>age  line  drawings  (woo<l  bliM-ks). 
which  appear  as  if  printed  in  strong  Vandyke  brown.  The  engravings 
on  the  hidden  side  of  the  leaves  arc  seen  through  the  paper  so  dis- 
tinctly as  to  give  the  idea  that  the  ink  must  ha\'e  contaiiicd  tome 
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corrosive  principle  that  allowed  it  to  eat  into  the  Abres  of  the 
paper. 

Dulch  Books.  In  Case  IX.,  Netherlands,  there  is  a  specimen  with 
brown  ink  which  ctunpurcs  unfuvoiinibly  with  the  brilliant  black  of 
the  ink  in  other  exhibits  in  close  proximity  to  it.  Another  s|)ecinien 
shows  the  pa|M-r  yellow  and  soiled,  while  the  print  is  strong.  In  this 
example  there  are  some  marginal  notes  in  a  very  much  facled  writing 
ink.  It  is  (piite  |Njssible  that  the  brown  tint  ob.scrvable  in  some  of 
these  old  s|H'cimens  of  the  printer's  art  is  due  to  the  use  of  carbon 
prepared  from  the  s(K)t  of  burning  wood,  or  peat .  Such  a  pro<luct  has 
long  been  in  use  as  a  brown  piirint-nt  by  watiT-colour  pairttir^.  nnrler 
the  name  of  Bistre. 


Early  Methods  or  Manufacture. 

The  old  wall  ink  (atramentum  teciorium)  described  by  Pliny  is  the 
forerunner  of  our  printing  ink,  which  is  essentially  a  kind  of  rapidly 
drying  black  paint. 

One  of  the  earUest  printed  accounts  we  possess  of  the  manufacture 
of  printing  ink  is  that  given  by  the  Venetian  Cannepnrius  *  in  his 
book  on  inks  published  in  i66o.  His  ink  consisted  of  i  lb.  of  a  varnish 
of  linseed  oil  and  juniper  gum  thoroughly  incorporated  with  i  oz.  of, 
smoke-black,  and  boiled  over  a  slow  fire  to  the  required  degree  of  con- 
sistency. 

According  to  the  description  given  by  Moxon  in  his  Mechanick 
Exercises  f  '"  1683,  the  printing  ink  then  made  in  England  was  very 
inferior  to  the  Dutch  ink.  The  main  differences  were  that  in  the 
latter  only  linseed  oil  and  little  rosin  were  used,  that  the  oil  was 
better  prei>ared,and  that  the  varnish  was  only  incorjK) rated  with  the 
black  by  the  pressmen  immediately  before  use  ;  whereas  in  the 
manufacture  of  the  English  ink  much  rosin  (and  frequently  train  oil) 
was  added  to  the  linseed  oil.  which  was  also  insufficiently  boiled,  so 
that  the  ink  was  oily  and  separated  in  the  paf>er. 

Manufacture  of  Dutch  Printing  Ink  Varnish.  A  cauldron  was  half 
filled  with  old  linseed  oil,  covered,  and  heated  over  a  brisk  fire  until 

•  ZV  Atrnvtentis,  p.  260. 

t  M axon's  actual  words  are  worth  quoting,  if  only  on  account  of  their 
quaintnesB. — "  The  providing  of  a  good  inck,  or  rather  good  vamiiih  for  inck, 
is  none  of  the  least  incumbent  cares  upon  our  master- printer,  though  custom 
has  almost  made  it  so  here  in  England  ;  for  the  process  of  making  inck  being 
as  both  laborious  to  the  body,  as  noysom  and  ungrateful  to  the  sence,  and  by 
se\-eral  odd  accidents  dangerous  of  firing  the  place  it  is  made  in,  our  English 
master-printers  do  generally  discbarge  themselves  of  that  trouble  ;  and  instead 
of  having  good  incl^  content  themselves  that  they  pay  an  inck  maker  for  good 
inck,  which  may  yet  be  better  or  worse  according  t«  the  conscience  of  the 
inck  maker." 
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tlu"  oil  Ixtilfd.  When  hcato<l  to  a  sufficient  tempcTaturc  the  oil  was 
fired  several  times.  l)eiiii.'  «'aeh  tinu"  cxtinjjuishccl  by  means  of  the 

((i\i  r  until  e\  eiit  ually  a  \ariiisli  r>f  the  re<|iiire(l  consistency  wa« 
ulituiiu<l,  this  point  l>cin^  dctt-rniined  by  cooling  a  few  dro|>8  on  an 
oyster  shell  and  testing  it  between  the  finger  and  thumb.  It  wu.s  tlun 
allr)wr(I  to  cool  somewhat,  and  clarified  by  squeezing  it  in  the  hand 
t hiuiiL'li  linen. 

W  Ik  II  nisiii  was  added,  it  was  U8e«l  in  the  pn)|K>rtion  of  |  to  i  lb. 
to  each  Lriliim  ut  Oil.  Moron  asserted  that  the  addition  of  t<K>  niiteh 
iM^-iii  inaili  till  ink  become  yellow  :  but  Savofie  denied  this,  .sintH*  in 
Ins  (  \|)(riiiirr  losin  thickened  the  oil,  and  prevent**!  it  separating 
from  the  ink  ami  s|)rtadiiiy  throiijjh  the  paper.* 

Mojrott  stated  that  suitable  varnish  niiylit  be  niad<-  wiflidijl 
actually  biirniiifi  the  oil  ;  but  here  aj;ain  Smafiv's  experience  was  that, 
although  when  linsi  < d  oil  was  boiled  until  viscous  it  yielded  a  clean 
and  workable  ink,  \  it  alt(  ra  few  days  the  oil  separated  to  some  extent 
and  spread  thnnmii  tlie  |ia|>er. 

Savage  eonsiilered  that  whilst  Mti.ri)n's  strict  uris  on  tin  i;n;,'lish 
press  work  nf  tliiM  \riitccnth  centurj-  were  justiliable.  yet  coni|>arcd 
with  the  i;n;ilisli  ink  of  the  early  nineteenth  centur\-  this  boasted 
Dutch  ink  would  lia\c  been  rcj,'arded  as  worthless. 
^  FERTEL'S  METHOD  OF  PREPARING  INK.  /V/V,/  .  l  r  i  ,  i, 
jiriiitcr  of  St.  Oiuer.  published  a  work  on  prcssnu»nslii|i  ii: 
which  he  descrihi  d  the  niaiuifact lire  of  printini.'  iuk.t 

This  was  pr(  |i;iiri|  by  licatiiiL'  liiiMi  ij  nr  mit  <>il  m  a  pot  with  an 
adjustable  co\ir  until  the  \apoiir->  i>r<anu  inllanuiiable  (alM)Ut  ^^ 
hours),  a  crust  of  bread  being  iiitr.MiiK  id  to  "  withdniw  gren.-e  from 
the  oil,"  and  n-rjimcd  when  carli(  mist  d.  TIh"  oil  was  then  with- 
ilrawn  ficmi  Ihr  lin  ,  the  |)ot  uiir"\< n.j,  iind  tin-  va|M)iirs  allowed  to 
burn,  'i'he  addition  oT  turpentine  od  aiKocatcd  by  some  printers 
was  objected  to  by  Fi  itil  on  the  ground  of  making  the  ink  clog  th<- 
face  of  the  ty|)C. 

The  varnish  thus  prepared  was  incorporatid  with  snn.k. -black 
from  pitch  resin  collecti d  in  a  chamber  lumg  with  shccp-skins.  the 
usual  proportions  bein;,'  ,  o/.  to  .;  lbs.  of  varnish,  and  the  ink  ground 
thoroughl\  ;iimI  worked  upon  the  inking-table.  In  .Vm*iji»«-'.v  opinion 
this  pniportioii  ol  la!ii]>-bl-i.L  w  is  i.„.  ^i,,  .11  i, ,r  ■ i  .nk 
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France,  piiblislied  an  a»(..uiii  <<>  .1   mix    -mmh  u    m.  m..  m  ..i  ].n  | 

piiiitiiiL'    ink.      I-"or   the  manufai  I  nn    ■>!    i^-.    lb-,.   ,,1    xainisii 

1  12  lbs.  of  nut  oil  wen    healed  in  a  <!ms(  ,1  -<  1,  w  hu  h 

•    Thr   l'r.J^,r,lt>nn  ../  l'r:u!i>'J  Ink.    : 

t  La  8ei«nM  fntiqm€  dr  I'lmprimen' 
X  EmffdopUf  MttKodiqut,  vol.  v.  p. 
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was  usually  pcar-shHp<>d,  on  a  clear  fire  for  about  two  hours.  It  was 
then  removed  and  "  burnt,"  the  process  being  repeated  several  times. 
Finally,  it  was  boiled  over  a  slower  lire  for  three  hours  until  of  the 
consistency  of  glue,  when  it  was  strained  through  linen.  Turpentine 
oil  and  litluirge  were  not  recommended  by  Breton  on  the  ground  of 
their  clogging  the  type. 

This  ••  burnt  oil  "  or  varnish  was  thoroughly  incorporated  by  the 
pressman,  on  the  inking-table,  with  lamp-black  in  the  proportion  of 
2\  oz.  to  I  lb. 

lireton's  reciiM?  has  become  a  standard  one,  and  was  copied  into  the 
books  of  different  later  writers,  such  as  Lewis  (1763),  Papillon,  &c. 

The  metluKl  of  boiling  was  substantially  identical  with  the  Dutch 
method  described  by  Moxon.  Savage  endorses  Breton's  condemna- 
tion of  the  use  of  litharge  in  the  preparation  of  the  varnish. 

The  sixth  edition  of  the  Encyclopirdia  Britannica  (1823)  was 
apparently  the  first  to  publish  any  substantial  difference  from  these 
early  metluKls  in  the  manufacture  of  printing  ink,  the  improvement 
being  the  addition  of  soap  to  the  constituents,  an  addition  which, 
though  probably  well  known  to  certain  manufacturers,  had  been 
kept  as  a  trade  secret.  The  effect  of  the  soap  was  to  cause  the  ink 
to  leave  a  clean  and  shtirp  impression  on  the  paper,  to  prevent  the 
type  from  becoming  clogged,  and  to  prevent  the  ink  from  "  skinning  " 
when  kept. 

In  the  Encyclopaedia  recipe  the  burnt  oil  was  mixed  whilst  still 
warm  with  2  lbs.  of  black  rosin  and  i  lb.  of  hard  soap  in  slices.  In 
Savage's  opinion  this  amount  of  soap  is  too  much,  and  would  be  liable 
to  make  the  ink  daub  the  tvj>e  and  produce  blurred  impressions. 

SAVAGES  METHOD  OF  MANUFACTURE.  In  1823  Savage,  who 
had  studied  the  luaruifaeture  of  printing  ink  from  the  point  of  view 
of  the  practical  printer,  published  a  book  on  the  subject,  in  which  he 
discussed  all  the  previous  methods  of  manufacture. 

For  the  preparation  of  the  varnish  he  recommended  the  use  of  old 
linseed  oil  and  black  or  amber  rosin,  which  was  melted  into  the  oil  at  a 
temperature  of  not  less  than  306°  F.,  the  approximate  melting-point 
of  the  rosin. 

Six  quarts  of  linseed  oil  were  heated  in  a  pot  over  a  brisk  fire,  and 
the  vapours  tested  with  a  light  from  time  to  time.  When  the  flashes 
pnxluced  became  stronger,  the  pot  was  removed,  and  the  oil  fired 
whilst  kept  continually  stirred  with  an  iron  ladle.  The  flame  was 
extinguished  (wcasionally  by  placing  the  cover  over  the  pot,  so  as  to 
test  the  consistency.  When,  on  cooling,  it  could  be  drawn  into 
strings  about  half  an  inch  in  length,  it  was  judged  to  be  sufliciently 
burnt  for  book-work. 

Care  was  taken  to  prevent  the  oil  frothing  up  through  too  violent 
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heating,  uiul  thus  running  the  risk  of  the  entire  nioss  bunting  into 
uncontrollable  flame. 

After  cooling  somewhat  in  the  covered  vesisel  the  "  burnt  "  oil  wa» 
mixed  with  6  lbs.  of  rosin  gradually  stirred  in.  and  then  with  i|  lbs.  of 
brown  soap  in  thin  slices,  and  was  finally  heated  to  the  lMiiling-|Miint. 

This  varnish,  whilst  still  warm,  was  next  poured  little  by  little  into 
an  earthenware  vessel  containing  5  oz.  of  Prussian  blue  or  indigo,  or  a 
mixture  of  these,  4  lbs.  of  mineral  lamp-black,  and  3  J  lbs.  of  vegetable 
black,  and  the  whole  stirred  until  free  from  Itnnps.  and  finally  ground 
in  a  l(vi<,';itiii;,'  mill. 

BIODERN  METHODS  OF  PREPARING  PRINTERS  INK.  Al- 
though the  old  mcthtMl  of  preparing  printers'  or  lithographic  varnish, 
by  heating  the  linseed  oil  until  inflammable  va|>ours  are  given  off,  and 
setting  Are  to  these,  is  still  in  use,  it  has  been  found  that  the  actual 
burning  of  the  oil  is  not  an  indispensable  part  of  the  process,  and 
various  other  metho<ls  of  thickening  the  oil  and  converting  it  into 
varnish  are  now  employed. 

Other  ingredients  are  also  added  to  the  Unseed  oil  varnish  in 
addition  to  the  rosin  and  soap  used  in  Salvage's  time,  and  this  is 
especially  the  case  with  the  cheaper  kinds  of  inks  such  as  are  ustfi  for 
newspajHT  work.  Various  processes  for  pre|>aring  a  black  pigment 
to  Ik*  used  in  place  of  lamp-black  have  also  been  described  in  |>atents 
taken  out  during  the  last  thirty  years. 


CHAPTER  IX. 
MANUFACTURE  OF  VARNISH. 

CuXTBNTS. —  Boiled  oik  :  Burnt  oil :  Varieties  of  lithographic  varnish  : 

Andre's  a]>|Mratu8  for  boiling  oil  :  ApparatuH  with  steam  jacket  and 

air  blast  :  lk)ilini;  with  «ii|)erheated  steam  :  Treatment  with  oxygen  : 

Linseed-oiT  sulwtitutes  :  Addition  of  driers  :  Gloss  inks. 

BOILED  OILS.  The  oils  classified  under  the  term  "  drying  oils  "  arc 
distinguished  from  other  oils  by  the  greater  rapidity  with  which 
they  fonn  a  solid  varnish  on  exposure  to  the  air  at  the  ordinary 
temperature.  Strictly  speaking,  this  difference  is  one  of  degree 
rather  than  of  kind,  for  it  has  been  shown  that  even  oils,  such  as 
olive  and  almond  oils,  do  eventually  dry  after  the  lapse  of  a  long  time. 

The  principal  drying  oils  are  linseed,  walnut,  hcmpsecd,  poppyseed, 
nigerseed.  and  the  curious  tung,  or  Chinese  wmxl  oil.  For  the 
characteristics  anci  methotls  of  examining  these  oils  the  reader  is 
referred  to  works  on  the  analysis  of  oils.  Other  oils,  such  as  cotton- 
seed and  maize  oils,  occupy  an  intermediate  position  between  the 
"  drj'ing  "  and  '*  non-drjing  "  oils,  and  are  usually  known  as  '"  semi- 
drying  "  oils.  The  dr\ing  capacity  of  oils  is  usually  attributed  to  the 
presence  of-a  considerable  amount  of  the  liquid  fatty  acids,  linolcnic 
and  isolinolenic  acids,  whilst  another  acid,  linolic  acid,  probably 
contributes  to  the  process. 

Fixed  vegetable  and  animal  oils  consist  in  the  main  of  compounds 
of  glycerin  with  saturated  and  unsaturated  fatty  acids,  the  latter 
predominating.  Thus,  olive  oil  consists  principally  of  a  compound 
of  glycerin  and  oleic  acid,  t^gHa^Oj ;  cotton-seed  oil  contains  a  large 
projxjrtion  of  glycerides  containing  linolic  acid,  CjgHjjOj  ;  whilst 
linseed  oil  and  other  •'  drj-ing  "  oils  are  characterised  by  the  amount 
of  the  still  more  unsaturated  linolenic  and  isolinolenic  acids,  CijHjoO,, 
they  contain. 

Each  of  these  unsaturated  fatty  acids  and  their  glycerin  compounds 
(glycerides)  are  capable  of  entering  into  combination  with  chlorine, 
bromine,  or  iodine,  forming  saturated  compounds.  Oleic  acid,  fur 
instance,  yields  oleic  dibromide,  CjgHj^BrjO,  ;  linolic  acid  gives 
linolic  tetrabromide,  CigHjjBr^O,  ;  and  linolenic  acid,  linolenic  hexa- 
bromide,  ("iglljoBrgO,. 

In  like  manner  they  are  capable  of  being  saturated  with  oxygen, 
and  this  is  part  of  the  change  that  occurs  when  a  film  of  drying  oil 

151 


152  INKS  AND  THEIR  MANUFACTURE 

liurdciis  into  u  vHriiiKli  on  exposure  to  the  air,  whilnt  the  pr(Ke«s  can 
l>c  considerably  aeeelerated  by  subjecting  the  oil  to  a  preliminary 
treatment  known  as  "  boiling." 

In  this  process,  the  exact  nature  of  which  still  needs  elucidation, 
considerable  alteration  of  the  *'  raw"  oil  takes  place  during  the  partial 
oxidation.  Such  boiled  oils  were  at  one  time  prepared  solely  by 
means  of  heat,  but  subsequently  various  substances,  known  as 
*'  driers,"  were  adde<i  to  accelerate  the  oxidation,  which  was  also 
promoted  by  injecting  hot  air  into  the  hot  liquid. 

Of  the  various  "  driers,"  which  ap|)ear  to  act  mainly  as  conveyors 
of  oxygen  from  the  air  to  the  oil,  salts  of  lead  and  manganese,  in  the 
proportion  of  a  few  {K>unds  to  the  ton,  have  been  found  the  most 
satisfactory,  and  are  the  most  frequently  used. 

The  varnish  used  in  the  manufacture  of  printers'  ink  differs  from 
the  varnish  used  by  painters  and  linoleum  manufacturers  in  being 
prepared  without  the  addition  of  any  "  driers  "  whatever.  It  is  also 
as  a  rule  much  paler  in  colour. 

The  apparatus  used  in  the  old  method  of  boiling  oil  consists  of  a 
kettle,  which  is  heated  over  a  free  fire  (Fig.  40).  Cher  this  is  sus- 
pended a  lid,  which  can  be  lowered  to  close  the  vessel  and  inunedi- 
ately  extinguish  the  flames  when  the  evolved  vafmurs  take  lire.  To 
prevent  frothing,  the  pan  is  only  filled  to  half  its  capacity  with  oil. 

BURNT  OIL.  In  preparingoil  for  the  manufacture  of  printing  ink. 
the  process  of  oxidation  is  carried  still  further  than  in  the  process  of 
boiling.  In  the  old  process  of  firing,  as  dcscriln'd  in  the  preceding 
pages,  the  oil  becomes  very  dark  in  colour,  an<l  apparently  undergoes 
considerable  decomposition,  probably  attended  with  polymerisation 
similar  to  that  which  occurs  in  the  vulcanisation  ««r"ii-  »«v  n..  ^ng  of 
sidphur  chloride. 

The  amount  of  tree  acid  liberated  in  the  oil  duim^  iix  pnxtss  is 
much  greater  than  in  the  case  of  oil  that  has  In-en  lMiile<i  for  a  ver>- 
long  time  at  a  temperature  of  260°  to  300°  C. 

Printers'  varnish  thus  prepare<l  has  good  drying  proijcrties,  and  Is 
considenibly  ilenser  than  the  raw  oil  (vide  infra). 

Iscedn  *  gives  the  following  details  of  the  nuHlem  method  of  boiling 
oil  for  lithographic  varnish  :  The  kettle  is  filled  to  alKtut  two-thirds 
of  its  capacity  with  linseed  oil  that  has  l)een  kept  in  store  for  some 
time.  As  s<M>n  as  the  water  has  l)een  exjK'lled  and  the  froth  of 
albuminous  impurities  skiinme<l  off,  the  tem|)eraturt>  is  raised  to 
alwiut  500-560"  F..  and  the  Iwiiling  continued  until  the  required 
degree  of  consistency  is  attained,  after  which  the  varnish  is  lift  to 
cool  and  settle  and  is  decantcnl  into  storage  tanks. 

The  time  required  defH^nds  u|>on  the  tem|)eniturf  of  Ixiiling  and  on 
*  Journ.  Soc.  Ckrm.  Imd„  1S94,  xiii.  203. 
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the  maturity  of  the  niw  linsc'i'd  oil.     A  high  teiniH'ratiirc  accflcnites 
the  conversion,  but  has  the  drawback  (»f  pnxlucinj:  a  (!ark«'r-i>nH!iK-t. 


-vi3" 


tlQ.  40,     f'rec-tircU  i>an  lor  kmiiing  oil. 

Leeds  lays  considerable  stress  on  the  importance  of  using  a  well- 
niature<l  oil.  Crude  linseed  oil  immediately  after  expression  con- 
tains impurities  which  separate  out  to  a  greater  or  less  extent  on 
standing  for  a  few  months.     If  such  crude  oil  be  used  for  boiling 


154 


INKS  AND  THEIR  MANUFACTURE 


there  is  nuieh  more  froth  and  a  |MK)rer  yield  of  a  darker  varnish, 
whilst  the  tiiue  and  eoiisuinption  of  fuel  are  greater. 

The  ordifiary  loss  ranges  from  about  3  to  lo  per  cent.,  according  to 
the  maturity  of  the  oil. 

It  is  interesting  to  note  that  the  importance  of  using  an  old  oil  in 
the  preparation  of  the  varnish  was  recognised  by  all  tlx-  olfler  writers 
from  Moxon  to  Savage. 

VARIETIES  OF  LITHOGRAPHIC  VARNISH.  Five  or  six  varieties 
of  litlio^nipiiic  variiisii  ari'  in  nsv,  raii^inj.;  in  consistency  from  a  verj* 
thin  product  to  one  of  extreme  viscosity.  These  are  termed  *'  extra 
strong,"  "strong,"  "middle,"  "thin,"  "tint,"  and  "thin  tint," 
according  to  their  degree  of  viscosity.  Leeds  {he.  cit.),  who  had 
thoroughly  studied  the  chemical  changes  that  took  place  in  the  con- 
version of  the  raw  oil  through  the  various  intermediate  changes  into 
"  extra  strong"  varnish,  pointed  out  that  the  most  viscous  products 
have  less  drying  capacity  than  the  thinner  varnishes,  and  that  their 
viscosity,  which  gave  them  greater  carrying  power  as  a  medium  for 
pigments,  was  their  chief  reconmicndation. 

The  following  table,  abridged  from  that  of  I^eds,  represents  .some 
of  the  changes  undergone  by  raw  linseed  oil  in  this  prcK-ess  of  lK>iling. 
and  in  the  old  method  of  igniting  the  va|>ours  to  produce  "*  burnt  " 
oil. 


Variiijili. 

Spec!  Ac 
gratlty 

at  15s"  C- 

Free 
aciilit  M 
oleic  arid. 

Saponifl- 

MtloU 

value. 

loiline 
value. 

DoMpool- 

flable 

natter 

"Tint" 

"Thin" 

"Middle"    . 

"  Strong;  " 

"  Extra  Rtronjr"  . 

"  Burnt"  thin 

0.9584 
0.9661 
0.9721 
0.9741 
0.9780 
09675 

Per  cenl, 
1.46 
1.76 
1. 71 
2.16 
2.51 
693 

>97S 
196.9 
«975 
•909 
IK8.9 
»9S-5 

113-2 

loao 
91. 6 
86.7 

835 
92.7 

Pwemu 

a  63 

6  8$ 

0.79 
a9i 

».3S 

ANDRES"  APPARATUS  FOR  BOILING  OIL.  This  (Fig.  .|i)  con- 
sists III  a  <  ylindrical  copprr  k»tll«\  .1,  t«»  the  middle  of  which  is 
attached  the  collar  />.  winch  sup|>orts  it  in  the  furnace.  The  tt»p  of 
the  vessel  is  bound  by  a  strong  iron  ring,  to  which  are  attached  the 
chain  and  tackle  C*.  thusenabling  the  ve^s<>l  to  be  rapidly  withdmwn 
from  the  flre  by  means  of  a  crane.  The  lid.  li,  fits  closely  to  the 
upper  ring,  forming  a  nearly  air-tight  joint,  so  that  flames  can  l)r 
imme<liately  extinguished.  Above  the  furnace  is  fixed  a  hood  pro- 
videil  with  a  flue  to  conduct  away  the  va|M)urs. 
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It  was  a.«isertcd  by  Savage,  and  at-ceptcd  for  long  aftcrwanis,  that 
actual  ignition  of  the  vajjours  from  the  oil  was  essential  for  the  pro- 
duction of  a  varnish  suitahle  for 
printing  ink.  It  is  now  known, 
however,  that  the  same  result 
can  be  obtained  by  lM>iling  the 
oil  at  a  higher  teni|K'niture  than 
in  the  prepanition  of  ordinary 
iMtiled  oil  fur  paints. 

APPARATUS  WITH  STEAM 
JACKET  AND  AIR  BLAST.  A 
pair «»f  steam-heated  kettles. each 
of  which  takes  a  charge  of  about 
350  kilos.,  is  shown  in  Fig.  42. 
These  are  constructed  with 
jackets  capable  of  resisting  a 
pressure  of  several  atmospheres. 
The  oil  is  heated  by  steam  at 
about  130°  C.  or  more,  under  a 
pressure  of  four  to  five  atmo- 
spheres, whilst  air  is  blown 
through  until  the  varnish  is  of 
the  required  consistency.  Elach 
kettle  is  covered  with  a  dome- 


Fio.  41.     Andn  -  .i\> 


itUS. 


shaped  cover,  in  which  is  a  outlet  pipe  for  the  escape  of  the  vapour 
evolved.    The  steam  enters  the  jacket  of  the  pan  B  at  c',  and  passes 


k'u. 


SUiiUU-hvilkUnl  iUittI«<>. 


through  e  into   the   jacket   of  the  pan  A.      At    f    is    a  cock    for 
blowing    off,    which    is   so    regulate<l    that    only    a    little    steam 
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escapes,   whilst  the  condensed  water  in  drawn  off  tliroiigh  the 

tap  at  g. 

Frederking'a  apparatus  for  boiling  oil  contains  a  steam  coil,  round 
which  has  been  cast  the  molten  metal 
forming  the  pan.  Steam  under  a 
required  pressure  is  passed  through  the 
coil,  and  the  contents  of  the  kettle 
readily  raised  to  temperatures  of  350° 
to  400*  C.  without  danger,  the  pressure 
being  solely  on  the  piping  and  not  on 
the  metal  pan  itself. 

An  apparatus  descril>ed  by  Andes* 
contains  a  circular  iron  pipe  supjmrted 
on  the  bottom  of  the  vessel,  and  con- 
nected with  bellows  by  means  of  a 
vertical  tube.  Air  is  blown  into  the 
oil  through  small  holes  about  0.5  cm. 
in  diameter  in  the  circular  pipe,  and 
th^  heated  oil  kept  in  motion  during 
the  thickening  process.  When  cold  air 
is  blown  into  the  oil  the  tcm{)erature  is 
kept  below  270°  C.  to  prevent  the  \-amish 
being  too  dark  in  colour. 

Sauer'a  Apparatug.  This  consists  of 
a  heating  vessel  in 
agitator  is  made  to 
central  shaft,  whilst 
air  enters  near  tlx 
apparatus. 

Fig.  43  shows  anotht-r  appanitus  for 
preparing  vaniish  by  this  method.  1  lu 
air  is  driven  by  means  of  the  pump  A, 
through  the  coil  Ji,  and  is  heated  to  the 
required    temperature   before   entering 

^^  .1       1 .11  the  oil   in   the   vessel   C,   tlirough   the 

TjD  small  ()|H-nin>rs  in  the  pi|>e. 

L^  I     ^  The  vaniish  pnxiucctl  by  this  method 

dries  well,  but  is  usually  somewhat 
darker  than  that  prtMluced  by  the 
ordinarj'  method,  es|M<cially  if  the  tem- 
|M'ratnrc  Ix-  all<i\v»<l  to  tIm-  too  high. 

BOILINQ    WITH    SUPER-HBA1BD 
.Apparatus  in  common  usr  Tor  this  |)tiri><»se  consists  of  a 
•  Drying  OiU,  p    i  y«  u ,  .-  j; . 


WfCH^^^ 


^ 


B 


which  a  paddle 
revolve  round  a 
a  current  of  hot 

liottom    of    the 


STEAM. 
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kettle  containing  u  coil  through  which  (xasses  steam  heated  to  a  tem- 
perature of  about  400°  C.  by  being  passed  through  a  super-heater  kept 
outside  the  eliamber.  The  kettle  is  provided  with  a  cover  which 
can  be  easily  removed  l)y  means  of  a  chain  and  tackle,  whilst  an  exit 
pilK"  in  this  cover  conducts  the  escaping  vapours  to  the  bottom  of 
the  su|KT-heater,  whence  they  are  drawn  up  into  the  fire  and  con- 
sumed.    Hence  the  process  is  accompanied  by  little  or  no  smell. 

Lithogra|)hic-  varnish  thus  prepared  has  the  drawback  of  being 
darker  in  colour  than  ordinary-  "  l)oilcd  "  varnish,  but,  on  the  other 
hand,  thr  |)r(H'cs>  is  much  more  rapid. 

TREATMENT  WITH  OXYGEN.  Very  pale  varnishes  are  obtained 
by  subjecting  linseed  oil,  heated  to  a  moderate  temperature,  to  the 
action  of  oxygen.  Instead  of  losing  in  weight  as  in  the  ordinary 
boiling  pn>cesses,  the  vamish  shows  an  increase  of  about  4  per  cent, 
through  the  addition  of  the  oxygen. 

I^eds  {he.  cil.)  found  that  varnishes  thus  prejiared  were  free  from 
the  bnjwnish-green  fluorescence  of  ordinary'  lithographic  varnishes, 
but  that  they  {wssessed  a  much  more  unpleasant  odour. 

In  a  process  protected  by  "  Brings  Oxygen  Co."  (Eng.  Pats., 
No.  12,652,  1K80  ;  and  No.  18,628,  1889)  a  current  of  pure  (90-93 
per  cent.)  oxygen  is  passed  into  the  space  above  the  oil,  instead  of 
being  blown  through  it.  The  apparatus  used  for  the  purpose  consists 
of  a  closed  steam-jacketed  pan,  in  which  the  oil  is  kept  in  motion  by 
a  revolving  agitator.  The  oxygen  is  introduced  when  the  oil  has 
been  heated  to  nearly  100°  C,  and  is  absorbed,  at  first  slowly,  and 
eventually  more  rapidly  than  it  is  supplied.  So  much  heat  is  pro- 
duced by  the  reaction  that  it  is  ultimately  necessary  to  cool  the 
jacket  by  admitting  water  into  it. 

Linseed  oil  vaniish  prepared  by  treatment  with  oxygen  differs  from 
the  original  much  more  than  vamish  prepared  by  boiling.  Thus  it  con- 
tains about  ten  times  as  much  free  acid,  and  has  a  considerably  higher 
specific  gravity,  whilst  its  absorption  capacity  for  iodine  is  much  lower. 

Leeds  {loc.  cit.)  gives  the  following  results  obtained  in  the  analysis 
of  two  samples  of  these  oxidised  linseed  oils. 
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-  For  the  incthodK  of  cxiiininin^  linseed  oils  and  litho^^tphic 
varnishes  see  Alder  Wright  and  MitchelPs  Oils,  Fals  ami  M'axeii. 

TREATMENT  WITH  OZONE.  It  was  shown  some  years  Hn*t  by 
Sc/iriiiirriiui\  Dtiinrkc  t  h:it  a^  arnisli  was  rapidly  prwlueed  by  the  action 
of  ozone  upon  raw  linseed  oil,  whieh  was  also  bleached  in  the  pnK-ess. 

Apparatus  for  the  purpose  was  subse(|uently  patented  in  (iennany 
by  Graf  and  Co.,  a  current  of  ozone  from  any  suitable  generator  In-inf; 
con<lucted  throujjh  the  heated  oil.  Care  is  needed  in  this  o{>eration  to 
prevent  the  oxidation  proceeding  too  far,  so  that  a  semi-soli<l  caout- 
chouc-like mass  is  obtained.  In  fact,  patents  for  preparing  etimmercial 
rubber  substitutes  by  the  action  of  ozone  under  pressure  u|M)n 
linseed  and  other  oils  have  been  taken  out  by  Rosenblum  and  Rideal 
(Knjj.  Pat.,  No.  0529,  1897  ;  and  No.  6464,  189S). 

Ramage  (Knjj.  Pat.,  No.  7242,  1901)  has  devised  a  process  for 
making  varnish  of  good  drj'ing  capacity  by  heating  non-dr>-ing  oils 
with  ozone  in  the  presence  of  an  ox>'gen-occluding  substance  such  as 
platinised  asbestos. 

Miithel  and  Liitke^s  Electric  Process.  In  this  process,  patented 
in  Germany  (Ger.  Pat.,  No.  29,961),  the  oil  is  treated  with  a  mixture 
of  gases  {e.g.,  oxygen  with  steam,  or  nitrous  oxide  with  air  or  oxygen) 
which  has  been  subjected  to  the  action  of  a  jHiwerfuI  electric  dis- 
charge whilst  passing  through  a  series  of  condensers.  The  oil  is 
heated  by  means  of  a  steam  coil,  whilst  the  gaseous  mixture  enters 
through  holes  in  a  small  spinil  in  the  bottom  of  the  tank.  The 
volatile  products  of  the  reaction  and  the  unused  gas  are  drawn  off 
by  a  pump  at  the  top. 

LINSEED  OIL  SUBSTITUTES.  Nmnemus  substances  have  been 
proposed  as  subslitulrs  for  linseed  and  other  drying  oils.  An  ink 
containing  none  of  the  ordinarj*  oil  varnish  was  described  by  Sai'Ufie 
in  1823  (loc.  cit.),  and  methcKls  of  preparing  other  varnish*^  of  the 
same  kind  can  be  found  by  reference  to  the  patent  list  at  the  end  of 
this  book.  One  of  the  most  interesting  of  these  is  a  natural  drj-ing 
mineral  oil,  which  is  found  in  Java  and  known  conunercially  as 
Grisel  oil.  The  use  of  this  is  claimed  by  Stoop  (Eng.  Pat«.  No. 
24.504,  1897  ;   23,071,  1898). 

Grrenstreet  (Fr.  Pat.  No.  446,475,  1912)  has  claimed  a  pnicevs  for 
converting  hydrocarbon  oils  into  oils  capable  of  evajxmiting  witlmut 
leaving  a  residue.  They  are  first  heated  with  steam  at  .103^  to  535"  C, 
and  the  mixture  of  oil  and  steam  injected  into  a  ci>il  heated  to  425°  to 
535°  C.,  after  which  t  hey  are  imsscd  through  a  series  of  conciensers.  The 
products  are  stated  to  be  suitable  as  "driers"  for  u.se  with  pigments. 

ADDITION  OF  DRIERS.  To  accelerate  the  speed  of  dr>-ing  and 
prevent  smearing  //ri// and  WoArr  (Kng.  Pat.  No.  10,055,  t  >  ,],\ 
about  0.25  i>er  cent,  of  MKiium  amyl  sulphate  to  the  ink. 
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Dykf'Arlaiid  {Vmh.  Pat.  No.  5347,  1913)  claims  the  addition  of 
Cearn  rubber  seed  tu  facilitate  the  drying  of  linseed  oil. 

••  Driers  "  of  some  sort  are  commonly  added  to  the  varnish  when 
s|>ee<l  of  drying  is  an  essential,  as,  for  example,  in  newspajwr  work. 
For  this  [)ur|H)se  the  linseed  oil  is  boile<l  with  alM>iit  1  7  \ycT  cent,  of  its 
weight  <»r  litharge  and  5  |)er  cent,  of  lead  aci-tate  for  three  hours  and 
subse<iuently  thinned  with  turpentina  oil  to  the  desired  consistency. 

Srymoiir*  gives  the  following  formula  for  a  rapid  drier  for  press 
work  :   Iron  sulphate,  li  lb.  ;  lead  acetate,  12  lb.;  and  litharge,  6  lb. 

Gloss  Inks.  The  so-called  "  gloss  inks,"  which  as  t  heir  name  indicates 
are  intended  to  have  a  glossy  appearance  when  dr>v  contain  a  suitable 
*•  drier  "  and  a  quick  dr>*ing  resin  varnish,  such  as  copal. 

In  the  chea|>est  newspaper  inks  rosin  is  a  common  ingredient, 
while  oil  of  turi>entine  or  its  substitutes  is  added  to  others. 

Metluxls  of  testing  the  purity  of  turpentine  will  be  found  fully 
described  in  the  Analyst. 

*  Modem  Printing  Inks,  p.  68. 
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PREPARATION  AND  INCORPORATION  OF  THE  PIGMENT. 

Contents. — Black  for  printing  ink  :  Modem  a|)i>iir.itw^  :  Thoniu*' 
lamp-black  furnace  :  Fumac*-  for  pro<liicint'  hla*  k  fr.nii  pitoh  :  Other 
blacic  pigments  :  Carbon  l)l<i(  ks  :  I'uritii  .itioii  of  l.iiiip-l>bi(  k  :  Com- 
)>osition  of  Iaini>-blackH  :  Methods  Of  wTamining  lamp-bbtcks  tad  gSIH 
blacks  :  MiTing  the  black  and  varnish  :  Mixing  the  varnish  and  Lamp- 
black  :  Qiiack'.s  mixing  machine  :  Werner  and  Pfleiderer's  mixing 
machine  :  Torrance'H  mixing  machines  :  QrindinK  :  Torrance':*  grinding 
machines  :  Machines  by  Neal.  Jackson,  Kingdon  :  Lithographic  print- 
ing ink  :  Lithogni])hic  chalks  :  Collotype  ink  :  Luminous  printing  ink. 

BLACK  FOR  PRINTING  INK.     The  nature  and  degree  of  purity  of 
the  black  pignu'iit  inr<)r|)()rated  with  the  varnish  is  of  the  highest 

importance,  esjH'cially  in  the  case  of 
ink  intended  for  fine-art  printing,  since 
the  depth  and  jwrmanency  of  the  tone 
larjjcly  dejH'nd  on  this.  Hence  many 
printing  ink  manufacturers  prepare 
their  own  lamp-hlack  so  as  to  have 
I  he  entire  manufacture  under  their 
control,  and  ti»  Ik*  able  to  prtxiuce  an 
absolutely  uniform  prtnluct.  Some  of 
the  older  metluuls  and  ap{>aratus  used 
in  the  pre{>aration  of  lamp-black  have 
already  been  describe*!  in  chap.  i..  and 
here  it  is  only  necessarj'  to  descril>e 
some  of  the  more  modem  apparatus. 

Fig.  4  1  represents  a  modem  ap- 
paratus used  for  the  production  of 
lamp-black  from  oil.  and  is  a  develop- 
ment of  the  ancient  meth(Nl.  The 
supply  of  oil  is  rcgtdatcd  by  the  snmll 
chamber  outside,  wliilst  the  air  enters 
through  holes  Ix'neath  the  lamp.  The 
smoke  from  the  lamp  is  ctmductet! 
through  the  chimney  into  a  chaml>er, 
where  it  i.s  de|Kwito<{  and  coIleete<i. 
Another  apparatus  intendeti  for  the  rapid  production  of  a  cottner 
lamp-black  is  shown  in  Fig.  45.     It  consists  of  a  revolving  cylinder, 
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thruugh  the  interior  of  whieh  passes  a  current  of  cold  water.  A 
series  of  lamps  is  kept  buniing  Ih'Iow  this,  and  the  smoke  deposited 
on  tlie  r\  Under  is  removed  by  means  of  the  brush. 

THENIUS'  LAMP-BLACK  FURNACE.  This  apparatus,  devi84Hl 
by  Tfieniusfor  the  eolUttion  of  lamp-black  from  coal-tar  oil, consists 
of  a  series  of  iron  chambers  o|M-nin);  into  one  another.  In  the  first  of 
these  the  oil,  freetl  from  naphthalene  as  far  as  |>ossiblc,  falls  drop  by 
drop  from  a  tank  above  on  to  a  red-hot  plate,  over  which  passes  a 
limited  supply  of  air. 
The  smoke  is  carried 
through  the  series  of 
chambers,  forming 
black  deposits  of 
different  grades  of 
fineness  on  tlie  walls. 
.About  70  kilos,  of 
smoke-black  are  ob- 
taineil  from  400  kilos, 
of  the  oil,  about  half 
of  it  l)eing  of  very 
fine  (|uality. 

FURNACE  FOR 
PRODUCING 
BLACK  FROM 
PITCH,  ROSm,  &c. 
An  apparatus  used 
in  Germany  consists 
of  a  chamber  with  a 
slanting  outlet    tube 

for  the  smoke  leading  to  the  chamber  where  it  is  deposited  and 
a  movable  iron  cover  with  a  regulator  for  the  air  supply.  The  com- 
bustible material  is  placed  in  a  pan  at  the  bottom  of  the  chamber, 
whilst  the  exterior  of  the  pan  is  cooled  in  another  tray  containing 
water,  the  object  of  this  being  to  prevent  the  temperature  rising 
too  high  and  causing  dry  distillation  to  take  place. 

Large  quantities  of  lamp-black,  suitable  for  printing  ink,  are 
obtained  by  burning  va|K)rised  rosin  (rosin  gas)  in  lamps  beneath  a 
revolving  cylinder  containing  water. 

Dreyhfr's  apparatus  used  for  this  process  is  shown  in  section  in 
Fig.  46.  and,  as  will  be  seen,  is  on  the  same  principle  as  the  apparatus 
illustrated  in  Fig.  45.  The  rosin  gas  is  burned  in  the  lamps  /,  /.  / 
(Fig.  46),  and  the  flames  arechilled  by  the  c>'linder  B.  The  lamp-black 
carried    upwards   by   the  combustion    gases   is   defiosited  on  iron 
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catchers   coated  with  flannel,  and  from  these  it  is    meclianicaUy 
shaken  into  the  boxes. 

A  type  of  apparatus  for  making  the  black  from  rosin  is  shown  in 
Fig.  47,  where  Vis  a  device  for  allowing  the  melted  material  //to 


Fio.  4O.     Dreyber's  Ump-bUck  spp«ratua. 


fall  on  to  the  hot  iron  plate  S.  where  it  is  burned  in  a  limited  supply 
of  air. 

In  the  apimratus  patented  by  I^imp-black,  Ltd.  and  Menzics  (Kng. 
Pat.,  No.  17,233,  1912)  the  prtMlticts  of  incomplete  combuiition  fnmi 
oil  burners  or  sprays  are  condensed  in  a  series  of  ct)nnected  ehanilMTi. 
each  of  which  has  means  for  removinj;  the  liun|>-hlack.  TIicm* 
chambers  nuiy  be  connected  in  such  a  way  that  the  (Mtmbustion 
prtxlucts  pass  through  th<'n»  in  zig-wig  fashion.  ('arlM>n  dioxide  may 
l>e  removed  by  means  of  lime  water,  caustic  s»Mla  solution.  Ac,  and 
the  sjM'nt  gjiscs  are  led  l>ack  to  the  burners  to  form  a  fresh  charge. 

InI?o»c/r»(ierman  Patent  (i9>3)  the  lamp-black  is  carrietl  through 
heated  tulx's  to  a  vessel  where  it  is  submitte<l  to  c(*ntriftignl  force. 
The  resulting  product  is  free  from  enclose<l  gases. 

According  to  another  |>atent  of  lionrh.  acetylene  is  iwetl  a-^  tli. 
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source  of  the  black.  Ix-ing  introduced  into  the  decomposition  chamber 
throui;h  u  rotating  tulx*,  wliich  ^ives  it  a  circular  motion. 

In  a  recent  l'nite<l  States  patent  (No.  741,726,  1903)  tar  is  heated 
to  al)out  3oo°-400°  C,  in  a  rotating  eyUndrical  furnace,  in  which  is  a 
spind  ridjje  to  conduct  the  tarr>-  matter  towards  the  outlet  at  one  end, 
whilst  thi-  volatih-  pnxliicfs  «>s<'ajK'  throujjh  a  s|M'eiaI  o{>ening. 

OTHER  BLACK  PIGMENTS.     Numerous  substitutes  have  been 
pr»)p<>sed  for  lanip-bhick  as 
a  pi<rment   in  printing-ink, 
but  not  many  of  these  have 
come  into  gencnd  use. 

Frankfort  block  or  drop 
black  was  originally  pre- 
pared by  heating  vine  twigs 
in  closed  crucibles,  extract- 
ing the  residue  witli  water, 
drying  the  |>owder,  mixing 
it  with  a  weak  solution  of 
glue,  and  forming  it  into 
|>ear-sha{x>d  drops.  Other 
substances,  such  as  bone 
shavings.  &e.,  are  now  used 
in  its  manufacture. 

This  and  other  forms  of 
charct)al  have  a  granular 
character,  w"hcreas  lamp- 
black is  tlocculent,  and  as 
no  amount  of  grinding  will 
effect  thorough  incorpora- 
tion of  such  gmiuilar  pig- 
ments with  the  varnish,  they 

are  unsuitable  for  good  printing  ink.     The  same  remark  applies  to 
various  shale  and  mineral  blacks. 

To  obtain  a  fine  pigment  from  coal,  jet,  &e..  Child  and  Johnson 
(Eng.  Pat.  No.  8532,  1909)  drive  the  dust  from  the  mills  through 
successive  chambers  with  bailies  to  retain  the  heavier  particles. 

Yeast  black.  The  mixture  of  dead  yeast  and  lees  in  wine,  or  the 
excess  of  fresh  yeast  in  breweries,  may  be  calcined  in  tuJ)es  to  obtain 
a  rnrhon  that  ran  bo  used  as  a  pigment. 

CARBON  BLACKS.  The  black  pigment  obtained  by  the  deposi- 
tion of  the  smoke  from  burning  gas  uiM)n  metallic  surfaces  is  sold 
under  vari<>us  tn»de  nantes,  such  as  gas  black,  peerless  black,  hydro- 
carbon black,  silicate  of  carbon,  jet  black,  &v.. 

It  was  pre|>ared  on  a  small  settle  by  certain  manufacturers  in  tliis 
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countrj'  from  the  ordinary  gas  supply  of  towns  stjnic  forty  yean  ago, 
but  owing  to  its  high  price  (5«.  a  pound)  never  came  into  general  use. 

The  discovery  of  natural  gas  in  different  parts  of  the  United  States 
put  a  cheap  source  of  gas  carbon  at  the  manufacturers*  disposal. 
Cabot  *  states  that  the  first  ex])eriments  with  the  natural  gas  were 
made  in  1872  in  Pennsylvania,  and  a  factory'  was  built  to  manufacture 
the  pigment  on  a  commercial  scale.  The  first  lot  was  sold  at  atiout 
IDS.  a  pound,  and  the  demand  soon  exccede<l  the  supply.  Other 
factories  were  est^iblished  and  the  price  rapidly  fell,  until  in  18^9  it 
was  as  low  as  1 1(/.,  and  several  firms  were  ruined.  Since  then  it  has 
again  risen  somewhat  in  price,  and  now  fetches  about  3d.  or  ^d.  a 
pound,  which  is  dearer  than  the  price  of  black  prepared  from  the 
smoke  of  heavy  oils. 

The  gas  issues  from  borings  about  2000  feet  in  depth  by  8  inches  in 
diameter,  and  is  burned  in  ordinary  gas  jets.  In  the  earliest  method 
of  collecting  the  black  flat-bottomed  cast-iron  pans  were  fixed  above 
the  jets,  and  the  soot  removed  by  means  of  travelling  scrapers. 
Several  United  States  patents  were  next  taken  out  for  processes  in 
which  the  flame  was  made  to  impinge  on  revolving  iron  cylinders.  In 
1883  claim  was  made  for  a  process  in  which  a  large  plate  with  holes  for 
ventilation  was  made  to  revolve  over  the  burners,  and  the  black  re- 
moved by  passing  over  a  fixed  scraper. 

The  metliod  now  in  general  use  was  intnMluced  in  1884  by  Blood, 
who  employed  revolving  iron  rings  3  feet  in  external  diameter  and 
2  feet  in  internal  diameter,  as  the  surface  for  the  de|>o8it .  These  rings 
were  placed  in  six  rows  of  fourteen  each,  and  were  enclosed  in  sheds  to 
guard  against  air  draughts. 

In  another  process,  also  commercially  successful,  the  ^^e|M>^iti«ln 
surface  is  kept  stationary-,  whilst  the  gas  jets  and  tH)Ilecting  box 
revolve  beneath  it. 

The  )>est  yields  obtained  by  these  processes  are  about  one  pound 
of  black  for  each  1000  cubic  feet  of  gas  consumed,  but  in  some  cases 
the  consumption  of  gas  is  six  or  eight  times  as  much. 

Carfwn  blacks  are  characterised  by  their  intensity  of  t«ine.  and  the 
printing  done  with  inks  containing  them  has  a  rich  glossy  ap|)eaninee. 
Owing  to  their  l>eing  of  a  more  granular  character  than  lamp-blark 
they  are  not  so  readily  incoqwratetl  with  the  varnish,  and  wen*  not 
Imiked  ujwn  with  favour  by  English  printers  long  after  they  had  been 
extensively  used  in  America.  Knglish  manufacturers  have  im)W  in- 
troduced rollers  of  chilled  steel  in  plac*-  of  granite  for  the  grinding  of 
carbon  black  inks,  and  their  pnxlucts  can  compete  with  those  of 
American  origin. "f 

*  Journ.  Soc.  Chrm.  Ind.,  18Q4.  xUi.  128. 
t   Harding.  I'roctM  Ymr  Boot.  1808.  p.  65  ;   1902,  p.  126. 
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Ga.s-blnok  consists  iiminly  of  carlxm,  and  has  only  tracfH  of  mineral 
matter.  Siiniples  analysed  by  Cabot  (loc.  cit.)  contained  92  to  93  per 
cent,  of  carbon,  5  to  6  per  cent,  of  oxygen,  and  1  to  2  per  cent,  of 
hydrogen. 

Like  lantp-black,  impure  gas-black  is  always  contaminated  with 
tarry  oils,  which  can  be  removed  by  calcination  (infra),  leaving  a 
residue  containing  <)8  to  99  per  cent,  of  carbon.  Its  tinctorial  |K>wer 
is  considembly  higher  than  that  of  lamp-black,  and  it  will  impart  a 
deep  grey  tone  to  100  times  its  weight  of  white  lead.  It  requires 
approximately  twice  as  much  varnish  as  lamp-black  does  to  form  an 
ink  of  the  ri«jht  consistency,  and  the  ink  thus  dries  more  slowly. 

Owing  to  its  hygroscopic  character,  carbon-black  nuist  be  stored  in 
well-closed  vessels,  otherwise  the  water  it  absorbs  forms  globules  with 
the  oil,  and  interferes  with  the  perfect  incorporation. 

Carbon-blacks  are  miscible  with  water,  and  this  property  affords  a 
means  of  distiiijiuishing  them  from  lamp-black. 

PURIFICATION  OF  LAMP-BLACK.  However  carefully  prepared, 
lamp-black,  even  after  careful  grading,  has  a  more  or  less  brownish 
tint,  due  to  the  presence  of  volatile,  tarry,  and  oily  matters  derived 
from  dn,'  distillation  of  part  of  the  organic  substance  used  in  the  com- 
bastion.  When  these  are  eliminated,  the  residue  consists  of  almost 
pure  carbon,  and  is  then  deep  black  in  tone. 

Chemical  Purification.  The  technical  method  of  removing  the 
brown  impurities  is  to  boil  the  black  with  successive  portions  of  strong 
caustic  sotia  ley  until  only  a  faint  colour  is  imparted  on  treating  the 
substance  with  a  new  portion.  The  powder  is  then  washed  thoroughly 
and  appears  deep  black  to  the  eye. 

In  order  to  remove  all  traces  of  impurities,  however,  it  is  necessary 
to  continue  the  boilingwith  caustic  soda  until  a  colourless  extract  Is 
obtained,  and  subsequently  to  boil  the  residue  with  aqua  regia  until 
nothing  more  dissolves.  The  final  product,  after  washing  with  water, 
is  a  deep  black,  very  friable  powder.  It  is  practically  pure  carbon, 
and  emits  no  smell  when  burnt.  The  cost  of  handling  the  material 
so  many  times  is  too  great  to  permit  of  chemical  purification  l)eing 
used  in  the  preparation  of  any  but  the  verj-  finest  and  most  expensive 
grades  of  lamp-black  (And^s). 

According  to  a  recent  German  patent  of  Dieffenbach  and  Moldtn' 
haurr  the  lamp-black  is  treated  with  an  oxidising  agent  such  as 
chlorine,  an  alkali  hypochlorite,  permanganates,  chromates,  ferric 
chloride,  &c. 

Purification  by  Calcining.  The  brown  tarr>'  oils  and  other  im- 
purities in  lamf>-black  can  be  expelled  by  heating  the  crude  product 
to  a  suflicient  temj)erature  to  volatilise  them.  In  this  process  it  is 
essential  to  prevent  any  air  coming  into  contact  with  the  hot  carbon. 
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which  in  that  ease  would  bo  partially  hurnt-d  into  oxides  of  carbon  ; 
and  also  to  avoid  overheating,  the  result  of  wliieh  is  to  caufw  the 
iunip-blaek  to  (^ke  into  lumps,  which  arc  veiydiilicult  to  diMtribute 
uniformly  through  the  lithographic  vnniish. 

The  appanitus  used  for  the  calcination  is  a  cast-iron  )x>x,  in  the 
cover  of  which  a  small  oixming  is  left  to  allow  the  volatile  impurities 
to  escape.  The  outside  of  this  Ik>x  is  coated  with  a  thick  layer  of  clay 
to  protect  the  metal  from  oxidation.  an<l  the  juncture  of  the  cover 
is  carefully  luted  with  the  same  material.  Every  precaution  is  taken 
to  avoid  the  slighest  opening  into  the  box,  with  the  exception  of  the 
small  one  in  the  cover. 

After  being  charged  witli  the  cnule  lamp-black,  the  Ik)X  is  placed 
in  a  suitable  furnace  atui  heateil  gradually  from  lu'hind  until  the 
wlmle  has  attained  a  bright  red  heat.  It  is  kept  at  this  temperature 
for  about  thirty  minutes,  and  then  removed  from  the  furnace  and 
cooled  in  a  current  of  air.  the  o|)cning  in  the  cover  iK'ing  protected 
from  the  ()ossible  admission  of  atmospheric  oxygen  by  having  a  piece 
of  glowing  charcoal  place<i  over  it.  The  box  is  not  o|H'ned  until  <iuite 
cold,  lest  any  oxidation  of  the  earlwn  might  take  place.  To  obtain 
an  absolutely  black  pr<Mluct.  it  is  often  necessarj'  to  rejieat  the  calcin- 
ing as  many  as  six  times  or  more.  Aeconling  to  Irvine  the  loss  in 
weight  on  calcining  lamp-black  is  upwards  of  15  fwr  cent, 

COMPOSITION  OF  LAMP-BLACKS.  After  careful  purification 
lantp-hlacks  consist  of  »;()  to  <>8  per  cent,  of  cjirbon,  and  contain 
ver>'  little  mineral  or  oily  products. 

The  following  analyses  of  four  pure  sampl***^  of  Ihmm-I'I-iiL  u.  r,. 
made  by  Stillwdl  and  Gladdiug  *  : — 


t. 
Per  cent. 

a. 
IVrerat. 

Pm-eeaC 

Pgrwat. 

C«r» 

MiiDTHJ  iii.'iiti-r(,ai>h). 
MoiHtiiri'  (lo!<H  at  lOO*  C.)   . 
Volatile  nubetaoccs     . 

97.38 
0.05 
0.07 
2.50 

9738 
0.05 
ao8 
2.50 

96.24 
0.03 
0.03 
3- 70 

96.13 
aa3 

a<H 
3.60 

A  commercial  sample  of  impure  lamp-bhick  examined  by  us  gn\e 
the  following  results  : — Ash,  0.29  ;  oily  matter  (rther  extract  ■ 
and  total  nitrt^^en,  0.76  |>er  cent. 


*  Pne€s$  Ttar  Boot,  1901,  \> 
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Metuods  of  Examining  Lamp-Blacks  and 
Gas-Blacks. 

In  judging  uf  titc  suitability  of  a  black  for  printing  ink,  the  main 
points  to  bt'  taken  into  consideration  arc  the  intensity  and  iH-nna- 
nency  of  its  blackness,  its  tinctorial  power,  the  fineness  of  its  particles, 
and  its  freedom  from  any  considerable  proportion  of  oily  impurities 
and  mineral  matter. 

Determination  of  Mineral  Matter.  A  weighed  quantity  (about 
0.3  grm.)  of  the  powder  is  ignited  in  a  weighed  platinum  basin  over 
a  small  Argand  Hame,  and  the  residue  weighed  when  burned  com- 
pletely white.  The  best  qualities  of  lamp-black  contain  only  traces 
of  ash  (cf.  "  Analyses  "  supra). 

Tarry  oils.  It  has  been  pointed  out  by  Irvine  *  that  the  halo  to 
be  observed  round  the  letters  in  some  old  books  and  papers  is  to  be 
attributed  to  the  presence  of  tarry  compounds,  such  as  pyrene 
and  chrj-sene,  in  the  black. 

For  the  determination  of  such  impurities,  2  or  3  grms.  of  the  sample 
are  extracted  with  ether,  the  extract  evaporated,  and  the  residue 
weighed.  A  specimen  of  lamp-black  examined  by  us  in  this  way 
yielded  8.12  per  cent,  of  a  dark  yellow  viscid  oil,  with  a  strong  em- 
pyreumatic  odour  and  a  bitter  taste.  Smith  f  advocates  the  follow- 
ing qualitative  test : — A  pinch  of  the  powder  is  put  on  a  piece  of 
filter  pai>er  and  moistened  with  a  few  drops  of  ether,  which  will  dis- 
solve any  oil  present  and  then  leave  a  brown  or  yellow  stain  sur- 
rounding the  jK)wder. 

Alkalin  ily  or  Acidity.  Free  alkali  or  acid,  which  may  be  left  by  the 
process  of  purification,  may  react  with  other  constituents  of  the  ink 
and  lead  to  loss  of  colour. 

Free  alkali  is  detected  by  boiling  0,1  grm.  of  the  black  with  10  c.e. 
of  water,  filtering,  and  adding  a  drop  of  phenol-phthalein  solution  to 
the  filtrate  (pink  colour).  If,  on  the  other  hand,  the  aqueous  extract 
is  acid,  it  will  remain  colourless  on  the  addition  of  the  phenol- 
phthalein,  and  will  require  the  addition  of  alkali  solution  to  produce 
the  pink  colour. 

Degree  of  Fineness.  Lamp-black  consists  of  foliated  particles, 
while  gjis-black  is  finely  granular  in  character,  and  vegetable  char- 
coals (Frankfort  black,  &c.)  still  more  granular.  A  practical  test 
for  conjparing  an  unknown  sample  with  one  of  known  fineness  is  to 
mix  equal  weights  of  the  |}owder8  with  equal  (juantities  of  varnish, 
and  to  spread  the  mixtures  in  thin  layers  on  glass.  When  the  glass 
is  held  to  a  strong  light,  the  layer  of  fine  black  will  be  found  im- 

♦  Journ.  Soc.  Chem.  Ind.,  1894,  xiii,  131. 
t  Process  Year  Book,  1903,  p.  137. 


168  INKS  AND  THEIR  MANUFACTURE 

pervious  to  the  light,  whilst  the  particles  of  the  coane  black  allow 
the  light  to  pass. 

An  ingenious  adaptation  of  the  physiological  method  of  counting 
the  corpuscles  in  blooil  to  the  valuation  of  pigments  has  been  devijicd 
by  Kiihn.*  The  flnely  powdered  material  (i  grm.)  is  mechanically 
shaken  for  15  minutes  with  a  measured  quantity  (10  c.c.)  of  a  suitable 
medium  such  as  glycerin  or  linseed  oil.  A  minute  quantity  (0.01  ex.) 
is  then  withdrawn  by  means  of  a  micro-pipette,  diluted  to  i  c.c. 
with  the  medium,  and  again  shaken  for  15  minutes,  after  which 
one  drop  is  transferred  to  the  object  glass  of  a  Zeiss-Thoma  chamlicr, 
as  used  for  counting  blood  corpuscles,  covered  with  a  ctJver  glass,  and 
the  number  of  particles  counted  (after  i  to  12  hours)  under  a  mag- 
nification  of  550  diameters.  Duplicate  results  should  agree  within 
one  i>cr  cent. 

In  this  way  i  grm.  of  heavy  spar  was  found  to  contain  4.3  milliards 
of  particles.  After  regrinding  the  number  rose  to  12  milliards, 
and  after  a  third  grinding  to  18.4  milliards.  A  sample  of  lamp* 
black  with  a  specific  gravity  of  1.57  contained  960  milliards  of 
particles  per  grm.  Hence  an  average  particle  was  calculated 
to  have  a  diameter  of  lo.Hfi  and  to  contain  26  milliard  molecules  of 
carbon. 

Intetiaity.  The  above  method  of  testing  the  fineness  of  the  par- 
ticles is  also  frequently  cniployed  for  comparing  the  intensity  of  the 
tone  of  two  samples  ;  but  Smith  {loc.  cit.)  objects  to  it  on  the  ground 
that  in  the  ease  of  shale-blacks  the  oil  varnish  may  rise  to  the  surface, 
and  the  layer  thus  appear  to  l>e  blacker  than  it  really  is.  He  there- 
fore advocates  making  the  comparative  tests  on  wood  instead  of 
glass,  under  parallel  conditions. 

Pmnanency.  Apart  from  the  results  obtaine<l  in  actual  practice 
which  obviously  take  time.  Smith  rectimmends  testing  the  blacks 
with  sulphuric  acid  and  with  solutions  of  sodium  hydroxide  and 
ammonia.  KfTerx'cscence  with  the  aci<l  indicates  the  presence  of 
carlxmate,  whilst  if  the  blackness  is  at  all  fugitive,  the  pigment, 
when  dried  after  treatment  with  alkali,  may  show  a  loss  in 
intensity. 

Tinctorial  Power.  A  paste  is  prepared  by  adding  linseed  oil  to  a 
mixture  of  o.i  grnj.  of  the  black  with  8  grms.  of  white  lead,  and  after 
thorough  incor|H>nition  spread  u|M>n  glass,  and  the  tint  com|)ared 
with  that  given  by  a  standard  sample  of  lajn|>-l>l:><'l>  nnder  the  same 
conditions. 

Opacity  Test  for  Coirring  Potcrr.  A  mixtuit  ..i  »..i  grm.  of  the 
}K)wder,  and  i  c.c.  of  oil  is  spread  in  a  miifonn  layer  over  |Mi{H'r  until 
the  surface  below  l)ecomes  visible,  the  areas  of  fwiter  co\*errd  by 
*  Ztil.  angtw.  Chcm,,  1915,  xxviii,  I2l^ 
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equal  weights  of  two  pigments  thus  affording  a  measure  of  their 
relative  opacity.  In  some  cases  an  additional  amount  of  oil  niu.st 
be  added  to  the  mixture  to  enable  it  to  be  spread  out  to  its  maximum 
extent,  so  that  the  total  amount  of  oil  used  may  also  be  taken  as 
a  measure  of  the  covering  j)ov.'cr. 

Dittinction  brhteen  Lamp-blacks  and  Gas-blacks.  Cabot  (loc.  cit.) 
has  based  a  distinguishing  test  on  the  fact  that  gas-black  can  be 
readily  mixed  with  water  (p.  163). 


MuoNO  THE  Black  and  Varnish. 

PROPORTION  OF  BLACK  TO  VARNISH.  This  will  obviously 
(it'iKini  to  a  lari,'*-  extent  uii  tlie  character  of  the  printing  for  which  the 
ink  is  required,  as  well  as  on  the  quality  and  nature  of  the  pigment 
used.  Thus  for  ncwspa|>er  work  a  verj-  different  kind  of  ink  is  re- 
quired than  is  the  case  for  fine  book  work  and  illustrations. 

According  to  Andis,*  the  proportion  of  lamp-black  or  other  black 
in  German  printing  ink  ranges  from  about  20  to  40  per  cent.,  a  little 
blue  pigment  (indigo,  aniline  dye-stuffs,  &c.)  being  added  to  the  best 
qualities  of  ink. 

He  gives  the  following  proportions  as  typical  of  inks  in  common 
use  : 


Ink  for 

BotarT' 

Madilne*. 

Coaiin«m 

Newspaper 

Ink. 

Book  Ink. 

Ink  for  Illnstrations. 

Oil  Vamidi 
Lamp-black 
Paris  Blue . 
Indigo 

Percent. 
70-72 
30-28 

IVr  cmt. 

76-78 
24-22 

PercMit. 

77-79 
23-21 

Percent. 
78 
20 

2 

Percent, 

78 
19 

2 
I 

MIXING  THE  VARNISH  AND  LAMP-BLACK.  In  some  of  the  old 
fureign  natlioils  uf  mixing  \.\\v  pigment  with  the  oil  varnish,  the  ink 
was  only  incorporated  by  the  pressman  on  the  inking-stone  im- 
mediately before  use  (see  p.  174).  -rVs  a  thorough  admixture  of  the 
ink  was  a  tedious  process  the  old  English  ink  manufacturers  were  in 
the  habit  of  preparing  a  complete  product,  though,  according  to 
Moxon  (loc.  cit.),  the  results  given  by  this  ink  were  inferior  to  the 
Dutch  printing.  The  mixing  of  the  ingredients  was  effected  by 
stirring  them  together  in  a  vessel,  and  suhequently  grinding  them  on 
a  stone  with  a  muller.  Owing  to  the  very  light  and  dusty  nature  of 
•  Otlund  BMcMmckfarben,  1S89,  p.  236. 
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the  lamp-bluck,  the  incorporation  is  now  usually  cfTccted  in  a  mixing 
machine,  several  tyi)cs  of  which  are  in  use. 

Quack's  Mixing  Machine.  This  is  a  simple  and  effective  apparatus, 
consisting;  of  a  closed  vertical  cylinder  with  rounded  bottom,  in  which 
revolve  two  intcrlapping  flat  rings,  which  scrape  the  sides  of  the 
vessel  and  effect  a  thorough  admixture  of  the  contents.  The  cylinder 
is  supported  outside  by  axles,  so  that  it  can  be  easily  inverted  to 
remove  the  ink. 

Fig.  48  shows  the  mixing  apparatus  viewed  from  above. 

Werner  and  Pfleiderer'a  Mixing  Machine.  These  are  made  in 
various  sizes  to  take  charges  of  ^  to  1 400  kilos.    They  are  constructed 


Fu).  48.     Quack's  Mixing  Machimv 

in  the  form  of  a  horizontal  cylinder,  mounted  on  nxlo  so  as  to  Ik* 
readily  emptied,  and  the  incor{M>nition  of  the  vaniish  and  lamp-black 
is  effected  by  means  of  revolving  {Middles. 

Torrance^s  *'  Little  Giant "  Mixer.  This  machine,  which  takes 
a  charge  of  5  gallons,  is  extensively  usc<l  by  ink  manufacturers  for 
mixing  small  quantities  of  any  particular  ink.  As  shown  in  Fig.  49 
it  is  worked  by  hand,  and  can  be  moved  to  any  tlcsired  place.  The 
mixing  is  effected  by  means  of  rotating  blades,  which  an-  bntught 
into  position  in  the  pan  by  raising  the  lever. 

The  Torrance  *^  Patent"  Mixer.  Fig.  50  shows  ....,  ,.;  these 
machines  which  is  worked  upon  the  same  principle  as  the  hand 
machine,  but  with  two  sets  of  blades  in  the  re\'olving  pan.  I)y  moving 
a  lever  the  pan  is  made  stationary',  while  the  blades  continue  to 
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revolve  and  effect  thorough  and  uniform  admixture  of  tlie  ink. 
From  4  to  5  horse-power  is  required  for  driving  the  machine.  The 
mixing  is  very  rapidly  done,  but  the  output  will  obviously  depend 
upon  the  consistency  of  the  mixture  of  pigment  and  viamish. 


Grinding. 

After  tliormigh  admixture  in  a  mixing  machine  as  described  in  the 
preceding  pages,  the  pulp  of  printing  ink  requires  grinding  between 


Flo.  49.     Torrance's  "  Little  Giant  "  Mixing  Macliinc*. 

rollers,  so  as  to  reduce  it  to  an  absolutely  homogeneous  mixture  free 
from  all  lumps.  For  this  puq)Ose  it  is  transferred  froni  the  mixer 
to  a  mill,  in  which  it  is  passed  between  rollers  of  fine-grained  hard 
stone  such  as  porphyn>',  one  grinding  in  a  mill  with  six  or  nine  rollers 
being  usually  sufTicient  if  the  material  has  been  properly  mixed. 

For  grinding  granular  pigment  such  bs  gjis-black,  machines  with 
rollers  of  chilled  steel  are  used  in  America  and  more  recently  in 
England. 

The  •'  Torrance  "  Mill.    This  is  made  in  various  sizes  up  to  a 
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diameter  of  8  feet,  the  size  (iz  inch)  sliown  in  Fij?.  51,  t>ein^  tlie  one 
most  in  demund  for  the  mixing  and  partial  j^rinding  of  nuxlcrate 
quantities  of  ink.  The  steel  roller  is  highly  finished,  and  s|>ecial 
scrapers  :\Tr  in  constant  contact  witli  the  int«'ri<»r  of  the  |)un  and  \hv 


Fio.  50.    Ton 


■tent "  Mixer. 


surface  of  the  roller.     About  4  horse-power  is  required  for  driving  the 
machine.  * 

Torrtmce^s  "  Silent  Quatlratil  "  3/i7/.  For  the  flnal  grinding  of  tlie 
finest  qualities  of  printing  ink  a  machine  of  the  type  shown  in  Fig.  5  J 
is  cmpltiyed.  This  has  rollers  of  fine  hard  colonial  granite  which, 
owing  to  an  ingenious  arnuigcment  of  quadnmts.  are  iMUistantly 
adjusted  in  their  |Mtsitions  towards  each  other  as  they  tK>come 
worn,  thus  ohviating  the  necessity  of  having  to  rcphuH*  one  of  them  by 
a  smaller  roller. 
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The  gearing  is  t'liclosetl  in  an  oil-l)<)x  (shown  open  in  the  ilhistration) 
thus  ensuring;  a  minimum  of  friction  and  silence  in  working;.  Another 
special  feature  of  the  machine  is  that  the  scraper  or  "doctor"  is 
attached  to  the  neck  of  the  roller  bearings,  so  that  it  always  stands 
in  the  same  relative  jjosition  towards  the  roller. 


Fig.  51.      I'll 


lorrancc  "  Mill. 


In  some  of  these  machines  rollers  of  chilled  iron,  cooled  with  water, 
arc  substituted  for  the  granite  rollers,  and  this  is  an  advantage  for 
some  kinds  of  ink,  since  it  obviates  the  effect  of  the  heat  caused  by  the 
friction. 

The  machine  is  made  in  various^ sizes,  with  rollers  ranging  from 
7  to  1 6  inches  in  diameter. 

In  XeaFs  grinding  mill  (Eng.  Pat.,  No.  2640,  1860)  the  bottom 
roller  alone  revolves,  whilst  the  top  one  is  fixed. 

A  grinding  mill  patented  by  Jackson  (Kng.  Pat.,  No.  957,  1870) 
contains  flat  circular  grinding  plates  which  revolve  on  a  vertical 
spindle.     On  the  surface  of  these  plates  are  teeth,  whose  cutting  faces 
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tire  arranged  half  in  one  direct iuii  and  half  in  the  other,  s<j  that  by 
reversing  the  motion  from  time  to  time  half  of  the  teeth  are  sharp<-ned 
whil.st  the  others  arc  in  action.  The  plaicH  are  kept  cool  by  means 
of  air-chamlM.*rs  between  the  fixed  and  revolving  discs. 

In  a  machine  protected  by  Kingdon  (Kng.  Pat.,  No.  3598,  1873) 
the  rollers  were  made  to  revolve  in  op[)osite directions, and  the  upper 
roller  was  much  smaller  than  the  lower.  This  arrangement  was 
intended  to  accelerate  the  passage  of  the  ink  and  prevent  the 
darkening  that  sometimes  occurs  in  grinding  coloured  inks. 

Several  recent  patents  are  embtxlied  in  the  Torrance  Mills  described 
above. 

LITHOGRAPHIC  INK.  Printing  ink  for  lithography  is  supplied 
ill  tins,  th«'  |)rifc  raii^iiifi;  from  >.«.  to  40.*.  per  lb.  A  fair  quality  of 
black  ink  can  l>e  obtained  for  al>out  5s.  jK-r  lb.,  and  it  does  not  de- 
teriorate by  keeping.  It  is  in  the  form  of  a  soli<l  of  the  consistency 
of  cold  wax,  and  nuist  be  thinned  down  with  varnish  before  it  can  be 
used  for  printing.  A  small  quantity  of  ink  is  treated  at  a  time,  the 
vaniish  being  added  to  it  in  minute  quantities  and  nibbed  down  with 
the  palette-knife.  The  ink  is  at  Hrst  diiricult  to  mix  with  the 
varnish,  but  when  a  little  has  been  incorporated  with  it  it  will  readily 
absorb  more.  A  gowl  deal  of  practice  is  necessary  Ix-fore  the 
lithographic  printer  can  master  the  initial  difTieulties  of  reducing 
the  ink  to  a  printable  condition.  lie  must  Ik' guided  t<)  a  great  extent 
in  dilution  of  the  ink  by  the  state  of  the  atmosphere  and  the  tem- 
perature. 

The  lithographer  in  a  small  way  of  business  is  frequently  cjilled 
upon  to  print  such  small  things  as  concert  programmes  an<l  the  like 
in  fancy  colours,  and  must  know  to  com|)ound  inks  of  different  hues. 
By  the  aid  of  a  stone,  muller.  |)alette-knife.  and  Vaniish  he  should 
find  no  difficulty  in  accomplishing  the  work.  The  pigment  <»r  pig- 
ments employed  are  rubl>ed  down  in  small  quantities  with  the 
palette-knife  and  with  medium  or  thin  varnish,  or  with  a  mixture 
of  the  two,  according  to  the  state  of  the  thernuaneter.  He  then 
grinds  the  mixture  with  the  nudler.  gathering  it  up  again  with  the 
knife  and  regrinding  again  and  again.  Mon>  (*olour  is  added  as  the 
o|M>nition  pnK'ceds,  and  as  the  inkgnulually  gains  in  thickm^s  it  will 
Ix'come  necessary  to  <lo  this  by  scattering  the  pigment  over  the 
stone,  and  grinding  down  with  the  muller  without  the  intervention 
of  the  palette-knife.  IJut  the  latter  nuist  be  employed  to  scrape 
the  colour  from  the  stone,  pile  it  up  before  subntitting  it  again  to  the 
action  of  the  muller.  Ink  thus  pn-pan-d  wr>rks  brttrr  if  krpt  for  a 
day  or  two  before  l>eing  used. 

JirMvrtterr  *  gives  the  following  reci|>e  of  a  (trnnan  hllio^Taphu-  ink  : 
•  loe.  cil,,  p.  171 
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Bleached  l)ee8wax.  So  ;  white  grain  (tallow)  soap,  20  ;  shellac,  20  ; 
and  flnest  Inmp-hlack,  20  to  25  lbs.  The  soap  must  be  as  free  from 
water  as  possible.  Fat,  usually  mutton  tallow,  is  frequently  a 
constituent  of  German  inks. 

The  following  examples  of  the  comixwition — in  lbs. — of  six  English 
lithographic  inks  are  also  given  by  Schweitzer. 


I 

2 

3 

4 

5 

6 

Yellow  wax 

40 

140 

18 

6 

100 

Mastic 

10 

60 

24 

6 

_ 

Gum  lac 

32 

— 

100 

— 

— 

Tallow-8oap 
Lamp-black 

22 

60 

70 

18 

6 

too 

9 

50 

33 

«5 

3 

50 

Shellac 

— 

300 

36 

30 

100 

Soda-ash     .      • 

— 

60 



6 

50 

Tallow 

— 

— 

— 

18 

_ 

50 

Turpentine 

— 

— 

— 

3 

— 

Rcwin 

— 

"~~ 

10 

— 

— 

LITHOGRAPHIC  CHALKS.  These  must  have  the  same  pn  peit  es 
as  litlioj,'ra|)l»ic  inks  <tf  resisting  the  action  of  the  acid  U|K>n  the 
stone,  and  of  being  subscciucntly  easily  removed.  They  have  a 
similar  composition  but  require  moulding  so  that  they  can  be 
shar{>ened.  The  following  four  recipes  for  preparing  them  are  given 
by  Schiveitzrr. 

For  Strong  Etching 


Wax     . 
Oil-soap 

64 
22 

^ 

Tallow 

24 

Nitre    . 

2 

3 

Lamp-black  . 

13 

24 

Spermaceti    . 
Shellac 

— . 

3a 

— 

16 

For  Wfak  E 

khing 

Wax    . 

50 

60 

Shelko 

35 

25 

Soap    . 

35 

45 

Soda    . 

5 

5 

Tallow 

5 

10 

I^mp-blark  . 

20 

20 

For  delicate  tints,  as  in  |>ainting  with  opaque  pigmentA.  it  is 
necessary'  to  incor|M)nite  with  the  c*«lour  a  ctmsiderable  Ixidy  of  white, 
and  for  this  puqM)sc  there  is  nothing  l>etter  than  7.inc  oxide.  It  is 
true  that  white-lead  has  more  otvering  |)ower,  but  there  is  ocmsidcr- 
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able  ri.sk  of  chemical  change  occurring  when  it  is  mixed  with  certain 
other  piffinents.  A  transjMirent  alumina  intrcKluced  by  Messrs. 
Mndilrrtun  ami  Co.  affonls  an  excellent  nu-ans  (in  conjunction  with 
oil)  of  rendering  a  c<»lourcd  ink  paler  without  chan^in^  its  consistency. 
In  chronuklitho^ntphy  an  ink  is  sonietinu-s  employed  for  a  pale  tint, 
or  for  enrichinjj  a  cok>ur  already  printed,  in  the  same  way  that  a 
water-colour  is  use<l  by  a  painter  ;  that  is  to  say,  the  ink  is  sulliciently 
thinne<i  down  by  varnish  to  make  the  pa|H-r  show  through  it.  This 
device  has  the  advantage  of  reducing  the  number  of  separate  printings 
and  so  solving  exi>ense.  It  is  not  applicable  to  printing  from  tyi>e. 
It  is  almost  unnecessary  to  state  tliat  in  printing  establishments  where 
a  largi'  amount  of  colour  work  is  done,  the  inks  are  ground  in  mills, 
or  an-  su|>p!ie(I  ready  com|K)unded. 

COLLOTYPE  INK.  The  usual  practice  of  the  eollotypist  is  to  rub 
down  lithographic  chalk  ink  with  ''  middle  "  varnish,  turpentine, 
and  olive  oil,  and  when  he  requires  inks  of  different  colours,  he  mixes 
each  sevendly  with  a  little  turpentine  before  incorporation  with  the 
other  media.  It  is  also  customary*  to  add  to  black  inks  a  small  pro- 
portion of  Prussian  blue,  indigo,  or  Venetian  red  to  improve  the 
tone.     A  special  inking  slab  and  muller  are  used  for  each  colour. 

Schnauss  *  gives  definite  directions  for  preparing  ink  for  collotype 
work  on  these  lines.  From  our  own  experiments  we  can  affirm  that 
much  depends  in  the  collotype  process  upon  the  thorough  incorpora- 
tion of  the  ingredients  of  the  ink,  upon  its  even  distribution,  and  upon 
the  degree  of  moisture  in  the  atmosphere,  which  has  an  influence  upon 
the  tirlatiiu-  surface. 

LUBUNOUS  PRINTING  INK.  A  recent  U.S.  patent  of  Krapp 
(No.  1,097,961.  1914)  describes  a  printing  ink  containing  colloidal 
radio-active  material  and  metallic  sulphide  incorporated  with  burnt 
oil,  rosin,  and  soap. 

•  Collotype,  p.  56. 
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CoNTBXTS. — Early  motbods  :  Manufactured  inks  :  Paintera*  pigmcnU : 
Early  i^norancn  &h  to  proper  pigmontM  :  Half-tone  proceaR  Mock  : 
NcoeKxity  for  clcanlin«'SH  :  (jverlayH  :  foarw-jfrain  Ht-rpcnu  :  Theory 
of  colour  :  DiapniniK  of  colour  :  IVculiariticH  of  pigmcntM  :  Permanency 
of  pigmcntH  :  MethixlH  of  t<'Kting  ]>cnnftnency  :  Fast  aniline  pig- 
ments :  Yellow  pignientfl  :  Reel  |)igment8  :  Blue  piKmontH  :  fJreen 
pigments  :  Purple  and  orange  pigments  :  Brown  pj^'mcnts  :  ■"  Art  " 
shacles  :  Tests  of  oi)acity  anci  covering  power  :  Three-coloor  Printing  : 
Photographic  falsihcation  of  colour :  Coloured  screens  :  C'lerkM  > 
work  :  Colour  screens  or  filters  :  Coloured  light  :  Pure  in 
unknown  :  (Sencral  considerations  :  Examination  of  trichromaiu 
l)rintH  :  The  half-tone  dot  :  Necessity  for  transiiarent  inks  :  Opacity 
of  y(>l]r)w  pigments  :  Supplementary  key  block  :  Inks  for  cfaeqUM 
and  bank  notes  :  Patent  inks  for  cheques  :  Analysis  of  printing  inks. 

EARLY  METHODS.  Interesting  details  as  to  the  use  of  eoloiired 
inks  in  priutinjf  in  tiie  early  part  of  the  last  eenturv  may  l>e  gleaned 
from  the  large  volume  by  Savage*  This  eontains  many  illustrations 
in  colour,  with  a  speeimen  bloek  of  eaeh  pigment  employed.  The 
latter  are  useful  as  witnesses  of  permanency,  but  the  fact  must  be 
taken  into  consideration  that  these  speeimen  tints  have  not  been 
exposed  to  the  action  of  light.  Among  the  e<»lours  illustrateti  we 
find  bistre,  sepia,  smalt,  cobalt  and  some  others  which  arc  now 
seldom  employed  by  the  ink  manufacturer. 

It  is  worthy  of  notice  that  Savage  makes  no  allusion  to  the  pun-hase 
of  coloured  inks,  an<l  we  may  presume  thereftire  that  up  to  the  dnte 
of  this  book,  and  possibly  for  some  time  afterwards,  printer- 
dependent  for  these  upm\  their  own  resources, 

MANUFACTURED  INKS.  .V  later  author.  liingicalt.f  ren>"rks 
that  "  in  the  present  advanced  state  of  ink-making  '*  it  is  JM'tter  for 
printers  to  rely  tipon  the  manufactured  article  than  to  attempt  to 
make  their  own  inks.  .\nd  he  suggests  that  the  didlculty  of  re- 
ducing these  inks  and  mixing  them  with  varnish  in  the  l>cst  way 
to  meet  the  necessities  of  tlic  work  in  hand,  is  quite  enough  in  itself, 
without  the  trouble  of  com|H)undiMg  the  inks  In^ng  added  to  it.  If, 
however,  the  printer  should  insist  on  being  inde|)cndent  in  this 

•  Practical  Hints  on  Decoratiir  Printing,  1S32. 
t  The  American  Encyclopaedia  oj  Printing.     Pbiladrlphii.  1.S71. 
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matter  lie  is  rcferre*!  to  lloughton't  book  *  for  further  information  on 
the  subject  of  iiik-inakin^. 

Hefcrrin^  to  Houghton,  we  fmd  that  he  admits  that  eoU)urec!  inks 
can  Ix?  purcliascil  ready  for  use,  l)ut  complains  that  they  are  dear, 
and  that  the  required  tints  cannot  always  l)e  readily  obtained.  He 
advises  the  printer  therefore  to  buy  his  own  raw  materials  and  to 
mix  them  for  hintseif — taking  care  that  the  c«>lours  employetl  are 
of  the  best.  The  a|)plianees  and  materials  necessary  consist  of 
a  muller,  a  marble  slab  and  palette-knife,  a  can  of  printer's  varnish 
and  the  raw  colours.  He  then  gives  a  review  of  the  best  colours 
to  use. 

PAINTERS  PIGBflENTS.  We  may  take  it  as  a  general  rule  that 
pigments  iisjil  by  paint*  rs  can,  with  ver>'  few  exceptions,  be  adapted 
to  the  printing-press,  always  rcmeml>ering  that  the  painter  is  not 
limited  to  a  certain  thickness  of  material.  He  can  if  he  likes,  and  as 
many  do,  pile  on  the  paint  with  a  palette  knife  so  that  it  lies  on  the 
canvas  in  prominent  ridges.  The  printer,  on  the  other  hand,  nmst 
use  his  colours  in  such  thin  layers  that  their  thickness  cannot  be 
measured  even  by  a  micrometer.  It  is  obvious  that  this  means  that 
the  pigment  used  must  have  great  body  or  covering  power,  unless 
it  is  intended  by  printing  one  colour  above  another  to  get  a  compound 
tint. 

EARLY  IGNORANCE  AS  TO  PROPER  PIGMENTS.  In  a  book  f  by 
Sm'o^e  of  later  datr  than  his  large  volume  a  eliapter  is  devoted  to 
coloured  inks,  in  which  he  deplores  the  ignorance  of  printers  and 
ink-makers  concerning  colours  and  their  application  to  the  press. 
He  advises  the  use  of  .slab  and  muller,  and  goo<l  printing  ink  varnish, 
and  in  cases  where  the  ink  shows  a  tendency  to  accumulate  upon 
the  type  recommends  the  addition  of  curd  soap — which  must  be 
rubbed  into  the  ink  with  the  muller.  He  then  reix-ats  in  slightly 
amplified  form  the  particulars  of  the  different  pigments  which  he 
gives  in  his  previous  work.  H  is  interesting  to  note  that  he  advo- 
cates the  use  of  carmine  for  a  crimsonink,butonly  for  very  particular 
purposes,  adding  naively,  "  I  have  been  accustomed  to  pay  f<ir  the 
best  two  guineas  an  ounce." 

THE  HALF-TONE  PROCESS  BLOCK.  The  introduction  of  the 
half-tone  ph«)tngraphiei)n»eess  block,  wliieh  has  largely  supersededthc 
art  of  wood  engraving, caused  quite  a  revolution  in  printing  methods. 
The  etched  dots  upon  these  blocks  are  so  fine  in  character  that  the 
work  is  comparable  to  a  steel  engraving  rather  than  to  one  upon 
wood  ;  and  if  one  cares  to  look  up  the  files  of  any  illustrated  journal 
of  the  period  when  these  blocks  first  came  into  use,  he  will  see  what 

•   Printfr'n  Etfryday  Book,  1856. 

\  On  the  Preparation  0/  Printing  Ink  both  Blade  and  Cotoured,  1832. 
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deplorable  things  the  printers  made  of  them.  Neither  the  |>a{)er  nor 
the  ink  was  good  enough  to  meet  the  needs  of  these  ftnely  etched 
blocks  ;  and  although  we  must  regret  the  decline  of  the  beautiful 
art  of  wood-engraving,  we  must  put  to  the  credit  of  the  process 
block  a  revival  of  the  printer's  art  which  has  been  beneficial  fron» 
every  point  of  view. 

NECESSITY  FOR  CLEANLINESS.  Printers  have  leame<l  that 
under  tlie  new  eunditi«>ns  cleanliness,  as  well  as  care,  is  need(*d 
at  every  stage  of  the  work.  When  type  and  electros  from  coni|>aru- 
tively  coarse  wood-cuts,  both  of  which  were  treated  with  black  ink 
only,  were  the  sole  requisites  of  the  printer's  art,  the  workshop  was 
the  home  of  grime,  jn'rhaps  necessarily  so.  But  now  that  the  work 
entails  the  enkftloyment  of  delicately  etched  process  blocks,  much 
greater  care  is  needed.  The  place  must  not  only  Ik-  kept  scrtipulously 
clean,  but  a  uniform  teniperature  must  be  maintained  if  gixKi  work 
is  to  be  prwiuced.  The  ronmion  use  of  the  electric  motor  for  driving 
the  machinery  has  banished  most  of  the  dirt  ;  and  the  question  of 
tem|>erature  is  not  a  difficult  one  to  solve.  The  black  ink  used  for 
process  blocks  must  be  of  the  finest  description,  and  it  is  found  in 
practice  that  they  take  up  far  less  ink  than  either  ty|)e  or  wood-cuts. 
The  layer  of  ink  is  so  very  thin  that  it  is  a  matter  of  necessity  that 
it  should  have  good  covering  power,  otherwise  the  intpression  will 
appciir  to  be  grey  and  flat. 

OVERLAYS.  These  blocks  require  to  have  the  pressure  so  ad- 
justeil  that  it  is  greatest  in  the  shadows,  less  in  the  half-tones,  and 
lightest  of  all  in  the  high  lights.  This  desideratum  is  secured  by 
overlays,  and  a  great  improvement  was  effected  by  the  introduction 
of  an  overlay  made  of  gutta|H*rcha  on  pa{>er,  which  was  produced  by 
a  photographic  process.  This  overlay,  which  is  sf>ecially  adapted 
to  the  process  blo<'k,  was  introduced  from  .\inerica  and  is  known 
by  a  patent  name. 

COARSE-GRAIN  SCREENS.  In  the  case  <if  rapidly  printed  news- 
papers on  ri)tary  iiiachinrs,  half-tone  bUn^ks  made  with  ccmrse-grain 
screens  are  coming  more  int(»  uso  rverj-  tlay  and  displacing  the  line- 
drawing — it  is  often  found  advisable  to  use  a  finer  grade  of  ink  for 
the  pages  tH*aring  the  illustrations  than  for  those  containing  the 
text.  In  certain  illustrated  journals  it  is  customary  to  print  fine- 
grain  half-tone  blocks  in  eoloure<l  ink  while  the  a(XH)m|>anying  text 
is  in  black.  This  of  course  involves  separate  printing  unless  a 
two-colour  machine  is  employed. 

THEORY  OF  COLOUR.  It  would  be  beyond  the  scope  of  this 
work  to  devote  nuieh  space  to  the  theory  of  colour,  although  we  are 
fully  alive  to  the  undoubted  advantages  to  be  securetl  by  all  those 
having  to  deal  with  colour,  from  an  understanding  of  the  principles 
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upon  which  that  thf«)ry  is  ImiswI.  There  are  so  many  excellent 
manuals  ufmn  the  theorj-  of  colour,  the  hnnnony  of  colours,  and 
upon  the  use  of  pigments  generally,  that  all  who  desire  to  acquire 
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Fu.  53.    Colour  diagram. 


knowledge  upon  these  subjects  will  have  no  difficulty  in  finding 
instructors. 

DIAGRAMS  OF  COLOUR.  Many  diagrams  have  been  published 
for  showing  at  a  glance  the  so-cjilled  primar>' colours,  and  their  rela- 
tion to  the  secondan,-  and  tertiarj-  tints,  but  the  most  siniple  is  a  very 
old  one  which  we  here  reprtMluce  (Fig.  53),  and  in  doing  so  we  must 
express  our  regret  that  we  cannot  discover  the  name  of  its  originator. 
It  is  extremely  useful  in  at  once  fixing  upon  the  mind  the  nature  of 
colour  relation  so  far  as  pigments  are  concerned. 
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The  central  disc  is  bluck.  which  re|)resents  a  mixture  of  the  three 
priinar>'  colours — surrounding  the  disc  we  find  the  priniarieK,  yellow, 
red,  and  blue.  In  the  next  concentric  ring  are  the  three  secondaries, 
made  up  of  mixtures  of  the  two  primary'  colours  which  lie  against 
them.  Thus  orange  is  a  mixture  of  red  and  yellow,  green  of  yellow 
and  blue,  andpurf)leof  redand  blue.  Here  toowehavcareatly  L".i  '■ 
to  the  complcmentarj'  colours,  a  mixture  of  any  two  of  the  prin»;i 
constituting  the  complementary  tint  to  the  remaining  primary. 
Thus  green,  made  up  of  blue  and  yellow,  is  complementary  to  red  ; 
orange  to  blue  and  purple  to  yellow. 

In  the  outermost  ring  are  the  tertiary  tints  made  up  of  mixtures 
of  the  secondaries,  thus — green  and  f)range  form  citrine  ;  orange  and 
puri)le,  russet  ;   green  and  imrplo.  olive. 

PECULIARITIES  OF  PIGMENTS.  The  worker  who  has  hitherto 
confliud  his  attention  to  black  printing  will  And  U{>on  dealing  with 
colours  that  he  has  dinicultics  to  meet  which  at  first  may  seem  to  be  in- 
superable. Each  coloured  ink  apj>ear8  to  liave  its  own  peculiarities, 
and  where,  with  a  black  ink,  it  is  possible  to  temper  it  with  various 
media  so  as  to  alter  its  working  qualities,  coloured  ink  cannot  in  many 
cases  be  so  mmlified.  A  colour  can  of  course  be  altered  by  the 
addition  of  white  to  lighten  it.  or  black  to  darken  it ;  but  what  we 
mean  is,  that  where  delicate  coloration  is  necessary,  the  wholesale 
addition  of  turpentine,  oil,  varnish,  &c.,  is  not  |)emtissible.  Inks  of 
various  c<»l<>urs  are  now  purchasjible  which  need  no  such  additiona. 

PERMANENCY  OF  PIGMENTS.  Up  to  recent  times  the  colours 
employed  in  the  manufacture  (»f  printing  inks  were  with  a  few  ex- 
ceptions of  mineral  origin,  and  such  colours  are  as  a  general  rule 
IK-mianent  in  their  nature.  And  pennanency  is  one  of  the  princi|>al 
considerations  in  the  selection  of  a  colour,  unless  the  ink  be  intended 
for  work  of  quite  an  ephemeral  character. 

Aniline  Colours.  When  the  aniline  colours  first  became  available 
in  the  arts,  printers,  like  many  others,  were  attract etl  by  the  gorg«»us 
tints  presente<l  by  them.  The  new  dyes  were  quickly  made  into  inks, 
and  biyjirre  iwsters  with  colour  schemes  never  l)efnre  dreamt  of  even 
by  those  afflicted  with  acute  chromatic  aberration  ap|>eared  on  the 
street  hoardings.  But  only  for  a  brief  time,  for  sunlight  mercifully 
bleaehe<l  out  several  of  the  colours  iM'fore  the  prints  were  many  hours 
old.  Any  one  can  test  for  himself  the  fugitive  nature  of  many 
of  these  aniline  colours  by  ex|M)sing  any  surfaw  coloured  with  one  of 
them  under  a  negative  in  an  ordinary  photographic  printing  frame. 

Recent  work  U|M>n  the  subject,  however,  has  prt>ve<l  lli 
artificial  dye-stuffs  are  quite  as  "  fast  "  to  light  as  natural  \ 
and  that  the  us<'  of  unsuitable  dyes  by  printers  and  other*  ha»  bet- n 
the  cause  of  the  general  condemnation  of  the  whole  class. 


COLOURED  PRINTING  INKS  188 

Thus  Val^nta  *  madf  eompanitive  tests  with  a  hirjje  number  of 
uniUiu*  ci>l()urs,  taking  the  alumina  uii  hike  of  Alizarine  (Turkey  He<i) 
as  the  staiulard,  and  found  that  many  of  the  new  lakes  were  even 
faster  than  this. 

Among  the  dye-stuffs  ineludetl  in  his  re|>ort  were  the  following  : 

Reds,  llelio  Fast  Red  H.L.  and  Helio  Fast  Pink  R.L.  (By)  were 
nmeh  superior  to  Alizarine  ;  and  Alizarine  Red  iK  Paste  Extra 
(M.L.B.)  was  quite  equal  to  the  standanl. 

Yellaxs.  Helio  Fast  Yellows  6  G.L.  and  G.L.  (By)  were  faster 
than  the  standard. 

Blue.  Helio  Fast  Blue  (By)  was  very  stable  and  when  mixed 
with  the  two  yell<»ws  mentioned,  gave  a  ver\'  fast  green. 

Violets.  Helio  Fast  Violet  (By).  Alizarine  Direet  Violet  (M.L.B.) 
and  the  Orthocyanines  (Berlin)  were  all  exeeedingly  fast. 

Green.  In  addition  to  the  green  mentioned  above,  a  faSt  colour 
was  obtained  by  treating  Brilliant  Green  (which  is  a  fugitive 
colour)  with  "  green  earth  "  and  separating  the  precipitate. 

Experiments  on  similar  lines  were  made  by  Krais  f  with  coal  tar 
colours,  which  were  exposed  to  light  for  five  successive  periods  of  i8, 
1 8,  38,  37  and  221  days  resi)ectively  under  comparable  conditions. 
The  pigments  were  used  in  the  form  of  water  colours,  and  those  not 
considerably  affected  at  the  end  of  the  third  period  were  regarded 
as  suitable  for  interior  work. 

Out  of  63  colours  tested,  about  40  were  classed  as  good,  and  1 1  of 
these  were  as  fast  as  good  mineral  pigments,  such  as  chrome  yellow, 
Ac. 

In  the  following  list  these  are  printed  in  italics  : 

Class  A  (fast  to  light  even  when  mixed  with  a  chemically  active 
white  pigment).  Hansa  Yellow  5G,  G  and  R,  Helindone  Red  3B, 
Helio  Fast  Yellow  (yGL,  GL  and  RL,  Uelio  Chrome  Yellow  GL, 
Algol  Red  56',  llelio  Fast  Rose  RL.  Brilliant  Alizarine  Bordeaux  R, 
Algol  Blue  3/f,  Alumina  Lake  fron»  Helio  Fast  Blue  BL,  Helio  Fast 
Red  2  GL,  Sirius  Yellow  G,  Lithol  Fast  Yellow  GG  Extra  and  R, 
Lilhol  Fast  Orange  R.  Lithol  Fast  Scarlet  ItN.  Eglantine  BBP, 
Indanthrene  Olive  (i,  Indanthrene  Grey  B,  Jndanlhrene  Blue  GGSZ 
and  RZ,  .Vlizarinc  Lake  from  bmnd  Vi  extra,  .Alizarine  Iron  Lake 
from  brand  V2  bluish,  Indanthrene  Violet  RR  extra,  Permanent  Red 
2G  extra,  6B,  an<l  OB  extra. 

Class  B  (only  fast  as  pure  pigments).  Pigment  Chrome  Yellow  L. 
Alizarine  iB  extra  12  per  cent.,  Helindone  Violet  R,  Helio  Fast  Ri'<l 
RL,  Alizarine  Red  iB  extra,  Tuscaline  Orange  GN,  and  Green  PLX. 

In  a  further  series  of  experiments  Krais  X  extended  the  ihvestiga- 

♦  Chem.  Zeil.,  1909,  xxxiii.  1165. 

t  Zeit.  nm/etr.  Ckem.,  1912,  xxv,  2193.  X  /W<<m  1913.  xxvi.  74. 
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tion  to  pijniu'nts  mixed  with  oil  and  cx|)os(*<l  on  nuifile  wimmI  under 
glass  and  in  the  oiK-n  air.  , 

As  a  rule  the  results  obtained  under  these  different  conditions 
were  in  most  cases- in  agreement,  alth«)ugh  there  were  sonic  curious 
exceptions. 

Contrary  to  expectation  Alizarine  Tjike  was  nmc-h  fasfi-r  fhnn  a 
lake  from  natural  madder. 

Of  the  coal-tar  dyes  examined  ahout  twi-nts  w*it  « v.i.^.,..  i. ..  i»t 
equal  the  fastest  mineral  pigments  in  their  |)ermanenec  on  ex|iOsure 
to  light. 

These  included  the  following  :  Ilelio  Fast  Red  RL,  Helio  Fast 
Yellow  GL,  Algol  Red.  Alizarine  Red,  Ilelio  Fast  Rose  RL.  Rrilliant 
Alizarine  Bordeaux  R,  Lithol  Orange  R,  Lithol  Fast  Scarlet  RN, 
Indanlhrene  Blues  G(;SZ,  and  RZ,  Indanthrene  Yellow  R  (BASF). 
Permanent  Red  oB  and  4R  (AGFA),  Pigment  Re<l  B  (Lake  4  :  100), 
Ilansa  Red  (Lake  4  :  100),  Hansa  Yellow  3G  (Lakes  4  and  S  :  100), 
Ilansa  Yellow  H  and  Ali/arine  VII  Kxtni.  pure  20  percent.  (MLB). 

METHODS  OF  TESTING  PERMANENCY.  The  only  absolutely 
satisfactory  nteans  of  testing  the  fastness  of  pigments  in  inks  is  to 
expose  them  to  light  and  air  under  conditions  similar  to  those  they 
will  encoimter  in  practice.  For  this  purjwsc  Osbonrs  colour  micro- 
sco|)e  (p.  137)  would  be  serviceable  for  keeping  a  record  of  the 
original  colour. 

In  certain  cases,  however,  it  is  possible  to  judge  of  the  comparative 
stability  of  two  colours  by  exposing  them  to  the  action  of  oxidising 
agents,  as  suggested  by  Ifnnrroft,  KlseulHtst  and  (irattl  *  in  the  follow- 
ing txptTiiiHiits  : 

CHEMICAL  TESTS.  It  was  found  that  certain  dye-stuffs  were 
bleached  by  hydrogen  peroxide  solution  at  the  ordinary  tem|)erature, 
and  by  taking  the  times  re<|uired  for  fading  as  a  measure  of  |)cr> 
manency  the  dyes  examined  could  be  arranged  in  the  following 
order  of  fastness,  the  last  being  the  most  fugitive:  Methylene  Blue. 
Azo  Red,  Methyl  Violet,  Kosine,  Victoria  Green   and  Magenta. 

The  s|H*ed  of  decolorisation  varied  at  different  stages  of  the  pnK'css. 
some  of  the  dyes  being  bleached  more  rapitlly  at  first  and  others  more 
nipidly  in  the  later  stages,  so  that  over  an  interval  of  shorter  time 
the  onler  of  stability  was  somewhat  tliffen-nt. 

Similar  results  were  obtained  when  potassium  persulphate  was  usc^ 
as  the  oxidising  agent. 

Solutions  of  these  dyes  were  also  bleached  by  sunlight  an«l  by  the 
rays  of  a  mercury  va|M»ur  lamp.  In  the  bleaching  cau.sed  by  light  the 
oxidation  followed  a  different  course  and  the  dyes  could  be  arrange<1 

•  Eighth  Int.  Congr.  Apjd.  Chem.,  New  York,  1912,  Grig.  Comm.  (Sect.  L\.). 
zz.  91- 
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in  tin*  following  unlcr  of  iHrnmni-ncy  :  Victoria  Green,  Magenta  and 
^\ao  Ked.  Mftliyl  Violet,  Methylene  Blue,  Kosine. 

Gebhardt  *  has  |M)inted  out  that  the  fading  of  dye-stuffs  by  oxida- 
tion in  the  lij»ht  is  u  different  process  from  purely  chemical  oxidation, 
the  latter  In-ing  caused  by  atomic  oxygen,  and  the  former  by  molecular 
oxygen.  This  is  illustrated  by  the  difference  in  the  behaviour  of 
Methylene  Blue,  which  is  faster  than  Methylene  Green  (its  nitro 
derivative)  against  the  action  of  oxidising  agents  in  the  dark,  whereas 
when  the  oxidation  takes  place  in  the  light  Methylene  Blue  is  the 
njorr  fiii.Mf  i\ c. 

EXPOSURE  TO  LIGHT  AND  AIR.  The  experiments  of  Prof. 
Church  f  on  the  stability  of  different  oil  plants  exi>osed  to  the  action 
of  light  and  air  under  similar  conditions  for  periods  of  two  or  five 
years  are  ver\'  instructive,  and  supplement  the  experiments  of  Sir 
IVilliam  Abney  and  Dr.  Russell  on  moist  water  colours. 

The  following  were  some  of  the  most  important  results  obtained, 
the  depth  of  the  initial  colour  in  each  caae  being  represented  by  lo  : 


Naples  yellow 

I  CO 

No  change. 

Madder  red  . 

I  CO 

,, 

Madder  carmine 

9-5 

,, 

\|  i.ll.T  brown 

9.0 

„ 

\:  •    11  ial  ultramarine 

ICO 

• 

i^i.Hsian  blue 

8.5 

slightly  greener. 

Indigo 

8.0 

„ 

Tn.liiin  yellow 

8.0 

slightly  brown. 

v  ochre 

10.0 

browner. 

on  lake 

I.O 

almost  gone. 

Auieulin 

90 

no  change. 

As  coloured  printing  inks  are  essentially  a  kind  of  oil  paint,  it  is  not 
unjustifiable  to  assume  that  closely  similar  results  would  have  been  ob- 
taine<l  with  the  same  pigments  incorjxjrated  with  lithographic  varnish. 

RohUmdl  has  found  that  pigments  prepared  by  the  adsorption  of 
dye-stuffs  by  clays  (including  kaolin)  and  talc  are  faster  to  light  than 
the  original  colours.  Talc  pigments  are  inferior  in  covering  power  to 
clay  and  kiioiiii  j>ii:iiifnts. 

FUGITIVE  COLOURS.  Want  of  permanence  is  thus  a  fault  which 
is  to  l)e  attributed  to  other  colours  besides  those  derived  from 
aniline  ;  and  those  who  would  seek  information  ujxjn  this  {)oint  cannot 
do  better  than  consult  Professor  Churcfi's  book,  where  a  table  is  given 
in  which  pigments  arc  dividetl  into  three  groups  :  Cla.ss  I.,  containing 
the  truly  i>ennanent  colours  ;  Class  II.,  those  which  are  subject  to  a 
certain  amount  of  change,  but  which  may  be  used  ;  and  Class  III., 
comprising  those  which  ought  to  be  definitely  excluded  from  use. 

•  Zfit.  nrujrw.  Chun.,  1913,  xxvi,  79. 

t  ChtmkMry  aj  Paints,  p.  346.  %  Farbemxeit.,  I9I2t  X^iii.  522. 


180  INKS  AND  THEIR  MANUFACTURE 

F»)IIowing  the  order  adopted  in  the  table  referred  to,  we  will  now 
briefly  eonsider  the  various  pi^rinents  whieh  are  of  interest  to  the 
printer  and  luanuriictiirer  of  printing  inks. 

WHITE  PIGMENTS.  The  white  pigfnent«  name<i  in  Professor 
Church'' s  list  are  three  in  nmnber.  baryta  xvhile,  zinc  white,  ami  Jlnkr 
white.  The  first  named  is  not  used  in  the  makinft  of  ink,  but  it  is  of 
secondary  interest  to  the  printer  in  that  this  dcHcription  of  white  is 
much  used  in  the  preparation  of  surface  jMiiH'r,  whieh  is  now  so  much 
in  demand  for  the  effeetive  printing  of  half-tone  process  bl(H>ks. 
Zinc  white,  or  zinc  oxide,  is  much  in  rMpiest  by  the  water-colour 
artist  on  account  of  its  permanency  ;  but  frtjm  some  |K>ints  of  view 
it  is  not  so  satisfactory'  for  printing  purjK)ses  as  xvhite  lead  or  flake 
white.  All  these  three  pijjments  appear  in  Church's  list  as  lirst-elass 
pigments  in  the  matter  of  pennanency,  if  used  for  oil  painting.  Hut 
when  the  particles  of  lead  carLonate  are  not  wrappe<l  up  in  oil,  i.e., 
when  used  for  water-colour  painting,  the  pigment  is  rapidly  attacked 
by  any  sulphurous  contamination  in  the  air,  and  quickly  blackens. 

White  printing  inks  are  not  nmch  use<l  for  ordinary  printing  except 
for  lightening  the  colours  of  other  inks.  Their  chief  use  is  for  printing 
the  groundwork  of  tin  plates,  boxes,  Ac,  and  for  this  puqmse  it  is 
essential  that  Ihey  shall  have  gootl  eovering-|)ower,  Ix'  stable  in  the 
air.  and  resist  the  heat  of  storing.  Hence  zinc  white  is  preferable  to 
white  lead  for  this  pur|>osc. 

The  relative  opacities  of  specimens  of  white  pigments  and  sub- 
strata are  ^iven  in  the  table  on  p.  191. 

YELLOW  PIGMENTS.  Of  yellow  pigments  there  is  a  very  great 
variety,  and  although  printing  in  yellow  ink  is  riot  by  itself  often 
called  for,  except  perhaps  in  poster  work,  the  admixture  of  yellow 
with  other  colours  in  the  fonnation  of  secondary  and  tertiary-  tints 
gives  it  an  imiMirtance  which  it  might  not  otherwise  possess.  >Ve 
must  remember,  tw),  that  in  three-colour  work  yellow  is  one  of  the 
three  primary  tints  ufmn  which  that  pnnx'ss  de|M>nds  for  its  edlciency . 

The  most  important  of  all  the  yellows  to  the  printer  is  leadrhromatr. 
usually  known  as  chrome  yellotc.  Hy  mixing  the  neutnil  chromate 
with  lead  oxide  yellows  of  various  tones,  including  the  orange,  may 
Xtc  obtained.  For  lighter  chromes,  lead  sulphate,  while  a  mixture  of 
lead  chromate  and  sulphate  is  employed  in  \Jjv  prtKluction  of  certain 
tints.  Here  again  we  have  a  series  of  pigments  which,  while  unstable 
when  employod  as  water  Ci>lourK,  are  com|mratively  safe  when  liM*ked 
up  in  oil  or  varnish,  as  in  the  manufacture  of  inks,  although  even 
under  these  conditions  gradual  browning  (XHnirs  on  ex|MWiurc  to  light. 
Chrome  yellow,  combined  with  Prussian  blue  and  with  black,  gives  a 
great  variety  of  grwns.  I'anadiiim  tfellinc.  kinfi's  yethnv  (orpimrnl). 
alizarine  yellmc,  ami  alizarine  oran/ie  an-  all  liable  to  change,  and  the 
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sjune  limy  Ik-  said  of  ijellmc  lake,  broivn  pink,  yellow  madder,  and 
Italian  pink.  Cadmium  yetlmc  and  cmtmium  orange  may  be  jilacfd 
aiiKtiig  the  peniiaiifiit  c«)luiirs,  but  tht-y  are  t«M)  expensive  for  eoin- 
mon  use.  Of  all  these  yellows,  chrome  yellow  is  to  Ik'  preferred  on 
account  of  its  easy  working  and  freedom  from  grittiness. 

Yellmc  ochre,  Roman  ochre,  and  other  earths  are  durable  pigments, 
and  arc  of  use  to  the  printer  when  bright  yellow  tones  are  not  re- 
quired. They  are  also  useful  for  admixture  with  Prussian  blue  and 
other  pigments  for  the  pnMluction  of  composite  colours.  Jimv  sienna 
and  6Mrii/  sienna  come  under  the  same  categor>-.  the  first  being  a 
yellow  and  the  second  a  brownish  red.  These  last  named  pigments 
are  extremely  hard  and  retjuire  careful  grinding. 

Zinc  yelUnc  is  fairly  permanent,  and  the  same  may  be  said  of 
Indian  Yellmc  and  S'aphlhol.  \aples  Yellorv  (lead  antimonate)  was 
found  by  Tduber  *  to  be  quite  fast  to  light,  but  it  has  the  drawback 
of  reacting  with  iron  pigments,  such  as  Prussian  blue,  and  with 
vermilion. 

According  to  Tauber,  Indanthrene  lakes  are  satisfactory  substitutes 
for  Indian  ytllow  lakes. 

RED  PIGMENTS.  There  are  many  red  pigments  which  can  be 
used  in  the  preparation  of  printing  inks.  Vermilion,  which  is  found 
in  the  form  of  rifi/ja6«r  (mercuric  sulphide)  in  many  parts  of  the  world, 
or  can  be  prepared  artificially,  is  tempting  because  of  its  beautiful 
scarlet  colour.  But  ink  prepared  from  it  cannot  be  employed  with 
lead  type,  for  that  metal  decomposes  the  mineral  and  changes  its 
colour.  Otherwise  there  is  no  reason  to  suspect  the  permanency  of 
vermilion  when  associated  with  oil  or  varnish,  and  Professor  Church 
places  it  among  the  first-class  pigments. 

Since  vermilion  is  a  ver\'  heavy  pigment  it  has  a  tendency  to  flake 
off  from  the  printed  impression.  This  is  remedied  by  the  addition  of 
a  larger  proportion  of  vaniish. 

Vermilion,  prepared  from  native  cinnabar,  was  used  in  the  decora- 
tion of  the  walls  of  Pompeii,  wax  being  the  medium  with  which  it 
was  associated.  The  colour  has  not  faded,  although  nearly  twenty 
centuries  have  gone  by  since  the  dtrnmed  city  was  overwhelmed  by 
the  ashes  from  Vesuvius.  We  must,  of  course,  take  into  consideration 
the  fact  that  light  has  lK?en  excluded.  The  Chinese  cinnabar  is  so 
pure  in  quality  that  it  merely  requires  grinding  to  convert  it  into 
the  well-known  scarlet  pigment.  Vermilion  of  first-rate  quality  is 
exf)cnsive,  and  cannot  come  into  common  use  as  an  ink. 

Various  substitutes  for  vermilion  have  l>cen  put  upon  the  market. 
One  of  these  is  obtained  by  the  interaction  of  lead  carbonate  and 
potassium  bichromate.  Others  consist  of  a  basic  pigment  such  as 
•  Farbenztit.,  IQIO,  1330,  1382. 
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baryieti,  iiiiprcgimtrii  with  u  sulution  ora  coal-tar  (lye-.stufT.  Nunc  tir 
these  cheap  products  is  in  any  respect  equal  to  vermilion. 

Madder.  One  of  the  most  valued  reds  han  always  been  that 
derived  from  the  madder  plant — Rubia  tinctorum  of  Linnarus — and 
until  comparatively  recent  times  large  tracts  of  land  in  India,  as  well 
as  in  the  Levant,  Holland,  and  France,  were  devoted  to  its  cultivation, 
chiefly  for  dyeing  pur{>o8es.  But  owing  to  the  synthetical  prtKluction 
of  its  chief  constituents,  alizarine  and  purpurine,  from  anthracene, 
the  cultivation  of  the  madder  plant  may  now  Ik-  regarded  as  a  dis- 
carded industry'.  Anthracene  is  derived  from  coal-tar,  and  the 
colouring  matters  which  it  affords  are  apparently  identical  with  those 
formerly  obtained  from  the  madder  plant.  A  great  variety  of  dif- 
ferent reds,  such  as  madder  carmine,  rose  madder,  pink  madder,  Immm 
and  purple  madder,  are  obtained  from  alizarine  and  purpurine.  The 
best  qualities  are  fairly  iK>nnanent,  but  some  of  the  tints  arc  liable  to 
change  their  tones.  The  madders  come  under  Class  II.  in  Professor 
Church's  list. 

Cadmium  red  is  quite  fast  to  light,  but  is  expensive. 

In  many  cases  it  is  possible  to  replace  the  madders  by  coal-tar 
dye-stuffs,  such  as  Permanent  Red  2G  Extra,  Indanthrene  Bordeaux 
and  Pigment  Scarlet  3B  (see  also  p.  183). 

Carmine.  Carmine,  a  very  unstable  compound  prepared  from  the 
cochineal  insect,  is  sometimes  employed  to  give  a  fietitiouK  brilliancy 
to  dull  reds,  but  it  is  so  nuich  more  ex|)ensive  than  alizarine  that  it 
does  not  now  often  come  under  the  notice  of  the  ink  manufacturers. 

Iron  Oxide,  Indian  Red,  Turkey  Red,  Persian  Red,  seem  to  l>e 
different  names  for  the  same  thing,  ferric  oxide,  or  iron  rust. 
Although  not  suitable  for  fine  work  when  used  by  itself,  it  is  valuable 
for  mixtures  with  other  pigments.  Light  red  and  Venetian  rwl  are 
pigments  of  similar  tint,  and  are  varitics  of  red  (K'hres. 

Red  lead  is  a  stable  colour  when  used  alone  but  blends  unsatis- 
factorily with  other  pigments. 

Aluminium  red.  A  pigment  termed  aluminium  red  is  claimed  by 
Allegre  (Fr.  Pat.  455,7'>4.  i«)ii).  as  a  valuable  su'bstitute  for  red  lead 
and  iron  ojdde.  Its  average  eom|M)sition  is  :  .Mumina.  5^  ;  iron 
oxide,  30  ;  silica,  3  ;  titanic  acid,  Ac,  3  ;  and  loss  on  ignition  1 2  per 
cent.  By  treatment  with  hydrochloric  acid  and  potassium  ferro- 
cyanide  it  yiehls  a  range  of  pigments  from  green  to  blue,  instead  of 
the  original  red-brown.  It  is  st.ntrd  to  be  permanent  tinder  atnio- 
spheric  intlnences. 

BLUE  PIGHENTS.  I  llrmnariue  is  |>erl)a|>s  the  most  iMuiitiful  of 
the  blue  pigiiiritts,  wlicther  it  be  natural,  i.e..  made  fn>n»  lapis  hnuli. 
or  artificial.  The  artifleial  ultnimarine,  one  of  the  ehea|>est  ettlour-..  i.s 
alone  likely  to  come  under  the  notice  of  the  printer.     Ink  made  fn>m 
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it  is  unsatislactorj'.     It  will  not  work  well,  and  the  impressions,  even 
under  the  hand  of  a  skille<l  man,  are  uneven  and  rou^h  in  a|>|K'arancc. 

It  has  also  the  dniwhaek  of  reacting  witli  white  lead,  owing  to  its 
containing  a  certain  amount  of  free  sul[>liur. 

Prussian  Blur,  on  the  other  hand,  has  many  g<Kxl  (jualities  to 
recommend  it,  and  it  makes  a  variety  of  useful  tints  when  mixed  with 
other  pigments.  It  is  transfiarent,  and  has  great  tinctorial  |>ower, 
but  when  nuich  diluted,  or  made  into  a  light  tint  by  admixture  of  a 
white  pigment,  is  seen  to  have  a  greenish  hue.  Ink  made  from 
Prussian  blue  is  generally  regarded  as  being  permanent,  but  it  is  liable 
to  become  |>ale  when  exposed  to  alkaline  fumes,  such  as  ammonia. 
For  this  reason  Prussian  blue  inks  should  not  l>e  employed  in  the 
printing  of  labels  for  soap  or  other  substances  of  an  alkaline  character. 
It  is  not  e({ual  in  i)ennanency  to  ultramarine. 

Cobalt  is  a  pennanent  blue,  but  is  seldom  used  by  the  printer  ;  and 
the  same  may  be  said  of  indigo,  an  unstable  colour,  but  one  which, 
with  certain  yellows,  affords  useful  greens. 

Cobalt  Violet  is  remarkably  stable  but  expensive,  .\ccording  to 
Tdubrr{loc.  ci7.)the  lakes  of  Alizaritie  Blue  and  Indanthrene  S.,  which 
are  somewhat  bluer  in  tint,  are  equally  permanent. 

Indanthrene  Blue  G.  was  exposed  for  eighteen  months  to  the  air  in 
water  and  oil  medium,  and  was  found  to  be  quite  as  fast  as  cobalt  blue, 
though  it  was  not  (piite  so  brilliant  as  the  latter. 

GREEIN  PIGMENTS.  Green  pigments  for  use  in  the  printing  press 
are  geneniily  com[)ounded  of  Prussian  blue  and  chrome  yellow,  both 
of  which  pigments  have  already  been  considered.  But  chromium 
oxide,  a  remarkably  stable  compound,  is  also  occasionally  used  for 
ver>'  fine  printing,  such  as  that  of  bank  notes. 

IMIany  greens,  like  Emerald  green,  Scheele's  green,  Paris  green,  &c., 
are  combinations  of  copper  and  arsenic,  which  are  highly  poisonous. 
The  first -named  possesses  a  tint  of  great  beauty,  which  cannot  be 
equalled  by  any  combined  pigments,  but  it  is  such  a  ver>'  bad  working 
colour  that  it  is  not  made  up  as  a  printing  ink.  It  has,  however, 
.sometimes  been  dusted  on  to  a  printed  varnish  in  the  same  way  that 
bronze  powder  is  attached  to  such  varnish  ;  but  the  practice  must 
be  fraught  with  so  much  danger  to  all  concerned  that  only  ignorance 
of  the  results  to  be  expected  could  pardon  its  employment  in  this 
way. 

Cobalt  green  and  Green  earth  are  both  stable  pigments,  while  mix- 
tures of  Indanthrene  yellmv  and  Indanthrene  Blbe  give  greens  that  are 
quite  satisfactorv-  for  printing  inks. 

PURPLE  AND  ORANGE  PIGMENTS.  The  other  secondary 
colours,  orange  and  purple,  are  generally  compounded  from  the 
primaries,  and  they  do  not  need  further  description  at  our  hands. 
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An  endless  vuriety  of  different  tones  is  procurable  by  uiiing  the  con- 
stituent primaries  in  varied  pro|>ortion8. 

BROWN  PIGMENTS.  Tnder  the  head  of  brown  pigments  come  ii 
number  of  cart  lis  wliich  owe  their  coloration  prinei|mlly  to  iron  oxide, 
such  as  ochre,  timber,  vandifke  brmvn,  &c.  Thest?  earth  coioura  are 
penmuient,andare  useful  in  eom|M>undingthccoan>erkindsof  printing 
inks.  But  it  should  be  noted  that  for  the  printing  of  delicate 
half-tone  blocks  such  natural  colours  arc  quite  unsuitable.  They 
always  retain  their  gritty  character,  even  after  the  most  thorough 
grinding,  and  this  has  a  ver>'  prejudicial  effect  upon  the  blocks,  which 
under  such  treatment  soon  show  signs  of  wear  and  tear. 

Asphnltum  and  Gussmv  Bronvu  are  sometimes  used,  but  both  are 
fugitive  colours. 

••  ART  SHADES."  For  such  work  browns  of  far  richer  t«me  and 
Jhier  substance  may  be  made  by  mixing  alizarine  and  other  reds  with 
black,  to  which  may  be  added  chrome  yellow,  Prassian  blue,  and  c»ther 
colours.  So-called  ''art  shades"  in  printing  inks,  made  up  of 
secondary  and  tertiary  colours  with  a  certain  admixture  of  black  to 
sadden  the  general  tone,  arc  now  much  in  vogue.  If  the  com|M>nent 
colours  be  carefully  selected,  a  half-tone  block  printed  in  one  c)f  these 
inks,  provided  that  it  has  plenty  of  contrast  In-tween  full  shadow  and 
light  tint,  a|)pears  as  if  produced  by  two  printings.  Such  inks  have 
been  described  for  this  reason  as  double-lone  inks. 

It  may  be  mentioned  here  that  such  colours  as  ochre,  umber,  Ac, 
which  are  rich  in  oxygen,  do  not  retpiire  the  addition  of  any  se|>arate 
drying  medium  when  used  in  the  manufacture  of  printing  ink. 

PATENT  ANILINE  INK.  Johnson  patented  on  lielmlf  of  the 
HadischeC'omiKinyll'Jig.I'at..  No.  12,681, 1903)8  method  of  preparing 
printing  inks  from  aniline  and  other  organic  dyes,  which  consistnl  in 
forming  a  comixiund  of  a  colouring  matter  base  with  a  fatty  acid  or 
alkali  salt  of  a  fatty  acid.  For  example,  a  mixture  of  oleic  acid  and 
Henzyl  Violet  is  heated  on  the  water  bath,  and  the  insoluble  com- 
|M>und  renderecl  soluble  by  treatment  with  caustic  alkali.  Or 
sodium  ricinoleate  is  heated  with  Benzyl  Violet  or  Victoria  Green,  or 
sodium  rieinosulpholeate  with  HhtMlamine  (>(i  extra. 

A  violet  printing  ink  nmy  be  umde  by  heating  a  mixture  of  oleic 
acid.  Benzyl  Violet.  |K>tassium  hydroxide  and  printers'  vami.sh  ;  or 
by  replacing  the  printers'  varnish  by  printing  ink  tinted  with  black 
an  ink  of  blue  tone  is  obtained. 

According  to  a  French  patent  of  Jagmburg  (No.  399.604,  1909),  a 
Nolutionof  a  dye-stuff  is  mixed  withathickening  agent  such  a.H  kaolin, 
and  lH)iled  linsec<I  oil  or  a  resin  solution.  Barium  chloride  or  a  similar 
salt  is  then  added,  and  the  precipitate  collected,  freetl  from  water,  and 
ground  up  with  a  varnish  to  form  a  printing  ink. 
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Tests  of  OpAcrr\'    \m>  (  ovkrino  Poweh. 

Thompiton  *  has  piiblishetl  a  re|>ort  on  the  nicthcxls  of  trstin^  pig- 
ments as  rcjiards  e«»veriiij;  [K»wer  and  cajMicity.  OHUparisons  of 
opacity  slioiild  Ih*  stated  iu  vahies  referre*!  to  a  definite  vohinie  (not 
weiKht)of  the  pigment  distributed  in  a  definite  vohime  of  the  medium. 
He  defines  tfie  eoeflicient  of  0|>aeity  as  tlie  projwrtion  of  light,  ex- 
presse<i  as  a  fraction  of  unity,  absorlK'd  during  transmission  through 
a  thickness  of  o.oi  mm.  of  the  paint,  and  from  this  the  opacity  for 
other  thicknesses.  In  the  case  of  white  paints  (and  inks)  the  reflect- 
ing power  must  also  be  considered. 

The  ap|>aratus  consists  of  a  photometer  arranged  above  two  tubes, 
the  lower  ends  of  which  are  covered  with  plano-plano-lenses.  and 
below  these  are  two  similar  lenses.  I'nder  these  come  two  total  re- 
flection prisms  which  reflect  <lirect  light  from  a  series  of  incandescent 
lamps  up  through  the  tubes  to  the  eye-piece.  The  distance  between 
each  set  of  lenses  is  controlled  by  micrometer  wheels. 

.\  film  of  the  paint  is  eom|)ared  with  a  standard  pajK'r,  the  opacity 
of  which  has  been  photometrically  determined,  and  the  test  is  re- 
peated with  a  second  stitndard  paper.  Formulae  for  the  calculation 
have  l>een  worked  out.  Hc'^ults  thus  obtained  with  certain  pig- 
ments were  as  follows  : 


Pigracnt  . 

CorScirat  of  opacity 
for  layer  of  ooi  mm. 

Rrliection 

White  lead,  Dutch 

White  zinc.  American  procesu 

White  zinc,  French  prooeas    . 

Lithopone   ..... 

Calcium  carbonate 

Basic  lead  sulphate 

China  clay  ..... 

Calcium  sulphate .... 

Silica 

Baiytea 

0.0671 
0.0794 
0.0645 
0.0578 
0.0136 
0.0813 
0.0190 
0.0030 
0.0102 
O.OI  14 

0.935 
0.956 
0.964 
0.947 
0.969 
0.927 
0.823 
0.856 

0.793 
0.856 

Thrke-Coloub  Printing. 

TRICHROMATIC  PRINTING.     It  is  when  we  come  to  consider 

the  elTi'c-t  of  tlic  introduction  of  the  process  block  upon  colour  work 

that  we  find  changes  of  the  most  radical  character,  not,  of  course,  in 

the  production  of  mere  monochrome  impressions,  but  in  the  practice 

•  Joum.  Ind.  Eng.  Chem.,  191 3,  ▼,  120. 
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of  the  three-colour,  or,  as  it  is  oflcji  «;illc<!.  fh«-  trichmrTKtt" •»'»,<} 

of  bliK'k  printing. 

It  is  not  within  the  Keopt-  ot  ttiis  work  to  i-otisiilcr  iiow  tar  liic 
ino<lern  three-colour  niethmi  of  printing;  will  suiHTKede  chnmio- 
litho^raphy  ;  probably  there  will  be  found  an  ani|>le  fleld  <if  eniploy- 
nient  for  both  pnK'C.sses.  Hut  it  will  be  necess«r\'  to  j^ive  a  brief  out- 
line of  the  principles  u|><jn  which  this  nuMlern  nietho<l  of  prcxluein^ 
pictures  in  colour  depj-nds.  Like  the  half-tone  process  bIcM-k.  the 
tlir«'e-c<»!(iiir  mrtlind  of  priiitiii;:  is  b()rii  of  tin-  art  of  photo^niphv. 

PHOTOGRAPHIC  FALSIFICATION  OF  COLOUR.  1 1  has  lonif  been 
known  that  the  photographic  i)late  gives  a  very  fal.se  n*nderinp  of 
coloured  objects,  blue  and  violet  Ix'ing  represented  as  white,  while  the 
warmer  tints  arc  shown  as  black.  To  understand  the  underlying: 
cause  of  this  falsification  it  is  necessarj*  to  refer  to  Fig.  54,  which 
represents  the  solar  spectrum  in  triplicate.  In  the  centre  it  is  shown 
diagmnnnatically  in  the  usual  manner,  with  the  principal  Frauenhofcr 
lines  marked  by  initial  letters.  Also  indicated  in  this  diagram  are 
the  prismatic  colours,  from  violet  to  red.  AlH>ve  the  diagram  the 
graduated  strip  shows  how  the  s|>ectrum  apjiears  to  the  eye.  the 
greatest  intensity  of  the  light  culminating  in  the  yellow  region,  and 
fading  away  gnidually  into  the  red  at  one  end  and  into  tin  \  inlet 
at  the  other  end  of  the  scale. 

Below  the  diagram  we  see  a  similar  graduated  stri(..  .i  ,.;v .,  .,,.iig 
the  solar  s{>cctrum  as  reproduced  on  the  photographic  plate,  and  wc 
are  able  to  note  at  once  that  the  place  of  greatest  intensity  is  hot  near 
the  yellow  region,  but  is  far  away  at  the  violet  end  of  the  spcctnnn. 
This  is  a  graphic  manner  of  explaining  why  U|K)n  the  photographic 
picture  blue  is  represented  as  white,  and  green,  yellow  ami  red  as 
black,  or  nearly  so. 

ISOCHROMATIC  PLATES.  To  Professor  Vogrl  is  dut  1 1.,  .i.s- 
covery  that,  by  associating  with  the  gelatine  enudsion  which  ctin- 
stitutes  the  surface  of  a  photogmphic  plate  certain  aniline  dyes,  its 
sensitiveness  to  what  we  generally  call  the  wam'cr  colours  of  the 
spectrum  is  much  increased.  These  plates  are  known  as  isochromatic 
or  orthochnimatic,  and  are  used  in  the  camera  in  conjunction  with  a 
coloured  screen.  The  exact  position  of  this  screen  is  unim(H)rtant, 
but  a  convenient  plan  is  to  mount  the  lens  of  the  camera  u|M)n  a  kind 
of  false  front  with  a  slit  bchinil  it  in  which  the  screen  can  Ik*  in-' 

COLOURED  SCREENS.  A  simple  yellow  screen  or  filter  c»»n^ 
of  a  ulass  trough  holding  coloured  liquid,  or  more  conveniently  agla*« 
plate  coatcil  with  col<»urcd  gelatine,  will,  in  conjunction  with  an  i»o- 
chnimatic  plate,  be  of  service  in  ordinary  landscnjK*  work.  For 
example,  the  brilliant  yellow  blossoms  of  gf»rse  in  tin-  sDrinL'tintr 
would  be  represented  as  black  by  an  ordinant*  plat< 
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roinatic  plutf  ami  screen  they  woultl  Ik*  ulinust  white.     The 
^t-  tints  of  uutiunn  can  also  be  now  rendered  in  a  manner  far 
more  true  to  nature  than  was  possible  before  Professor  VogeVs  dis- 
covery. 

PHOTOGRAPHY  AND  COLOURED  OBJECTS.  Kut  when  we 
vniwv  to  the  reprfscntution  by  photu^rapliy  of  oil  and  water-colour 
pic-tiiro,  and  different  works  of  art  in  which  colour  is  an  important 
ffiitiire.  far  more  care  is  necessarv*  in  the  selection  of  a  prt>i)er  light 
filter.  The  word  filter  is  used  advisedly,  for  the  function  of  the 
sen-fii  is  to  prevent  certain  rays  passing  it.  while  it  gives  passage  to 
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•  li-rk-Maxwell's  colour  carves. 


others.  Iti  other  words,  the  required  colour  is  filtered  from  its 
ass<KMalt<l  tints. 

CLERK-MAXWELL'S  WORK. .  The  pioneer  in  this  work  was  Pro- 
fessor r/<*rA--3/anr<7/,  w1k>  as  long  ago  as  the  year  1861  showed  in  an 
imperfect  manner,  f«jr  the  isochromatic  plate  liad  not  yet  l>een  con- 
ceive<l,  that  three  pictures  photographed  fn)m  one  coloured  original, 
but  each  under  a  differently  coloured  screen  or  filter,  would,  when 
combined  under  suitable  coloured  lights,  amalgamate  into  a  fair  repre- 
sentation of  the  object  photographed.  MaxvceWs  colour  cur>-es  have 
formed  the  basis  of  all  work  in  this  direction  since  his  time.  A  repre- 
sentation of  these  curves  is  given  at  Fig.  55.  We  here  see  the  pro- 
portion of  the  s|)ectriHn  of  which  each  of  the  three-colour  filters  should 
consist,  the  red  taking  in  a  certain  part  of  the  yellow  and  green,  the 
green  overlapping  the  red  and  blue,  while  the  blue  comprises  the 
violet  and  part  of  the  <rrefn. 

COLOUR  SCREENS  OR  FH.TERS.  By  mixing  certain  aniline 
dyes,  and  staining  with  them  ghiss  plates  coated  with  gelatine,  screens 
or  light  filters  can  be  made  to  approximate  closely  in  tint  to  Maxwell's 
curves.     In  photographing  a  coloured  object,  say  an  oil  painting, 

N' 


194  INKS  AND  THEIR  MANUFACTURE 

three  negatives  are  made,  each  under  its  res|)ective  colour  lilu-r. 
From  those  negatives  lialf-tone  bhxiks  are  prepared,  and  it  is  the 
printer^s  business  to  superpose  the  images  from  those  blocks  in  tlu^'t- 
coloured  impressions  so  as  to  give  a  fair  representation  of  the  original 
coloured  object. 

COLOURED  LIGHT.  In  dealing  with  coloured  light  we  And  that 
if  we  mingle  upon  a  screen  the  colours  red,  green,  antl  blue,  from  three 
lanterns  we  prtMluce  white,  or  an  approach  thereto,  for  white  light  is 
composed  of  all  the  colours  of  the  spectrum.  But  if  we  mix  together 
pigments  of  the  same  tones  we  produce  black.  In  the  one  case  we 
are  working  with  coloured  lights,  and  in  the  other  with  coloured 
slmdows.  And  when  we  come  to  handle  pigments  such  as  are  en)- 
ployed  by  painters,  and  in  the  manufacture  of  printing  ink,  we  must 
regjird  as  primary  or  fuundation  colours,  blue,  red,  and  yellow. 

PURE  PIGBIENTS  UNKNOWN.  There  is  unfortunately  no  such 
thing  as  an  absolutely  pure  pigment,  and  we  can  never  hope  really 
to  match  the  rainbow  colours  of  the  prism,  otherwise  it  would  Ixr 
possible  to  follow  with  some  accuracy  the  guide  afftirded  by  Maxwell's 
curves.  The  ideal  pigments  for  printing  in  three  colours  have  yet  to 
be  found  ;  and  ink  makers  are  so  alive  to  the  itn|M>rtanee  of  the 
subject  that  they  are  devoting  much  attention  to  the  pro<luetion  of 
inks  which  shall,  as  far  as  possible,  come  up  to  the  scientiflc  standard. 

GENERAL  CONSIDERATIONS.  The  dilliculty  with  which  printers 
have  hitherto  had  to  deal  is  that  the  ink  makers  have  not  worked 
hand  in  hand  with  the  makers  of  light  filters  to  reach  one  eonunon 
goal.  The  colours  of  .screens  and  of  the  inks  to  be  associated  with 
them  should  be  fixed  and  unalterable.  Many  workers  have  been  in 
favour  of  prmiucing  the  three  inks  in  the  first  place,  taking  care  that 
the  pigments  are  as  pure  in  tone  as  it  is  possible  to  procure  them,  and 
then  of  adapting  the  colour  screens  or  filters  to  the  pigments  so 
chosen.  At  present  there  seems  to  l>c  much  confusion  reigning,  owing 
to  so  many  workers  acting  inde|)endently  of  one  another ;  and  it 
thus  comes  about  tliat  A.'s  blocks  will  give  results  with  inks  made  by 
C,  which  are  not  possible  if  B.*s  inks  are  used.  That  this  confusion 
is  quite  unnecessary'  must  be  apiutrent  when  we  rememl>er  that  th«- 
exact  colours  of  the  inks  and  screens  are  based  upon  scientific 
principles. 

EXAMINATION  OF  TRICHROMATIC  PRINTS.  Tn  drawing  tlii-^ 
chapter  lt>  a  conclusion,  we  may  note  tliat  those  who  would  get  »  fair 
idea  of  the  way  in  which  separate  process  blocks  CtM  he  m:i  > 
three  printings  t«>  give  all  the  varic<l  tints  of  a  potydironuitic  ot 
object,  will  learn  far  more  by  five  minute's'  careful  examination  «>f  a 
good  specimen  of  Uiree-ctilour  print Ini;  than  they  can  fnun  many 
pages  of  description. 
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Tt»  cMuiiiiH*  the  print  a  rimmI  nm^iifyin^j  f>,\ass  is  lu'tfiwl,  for  it  ik 
re«|uisitf  to  st'|mnite  the  dots  of  which  the  picture  is  cuinpusetl,  and 
to  note  tin  ir  toloiir  aixi  rclntion  to  one  another. 

THE  HALF-TONE  DOT.  As  in  all  half-tone  blocks,  these  dot* 
are  larjje  and  crowdctl  together  in  the  shadows,  and  comparatively 
small  and  widely  separated  in  the  lights.  In  the  deepest  shadows  of 
all,  the  dots,  yellow,  red,  and  blue,  are  su|>er|K>sed  one  on  the  other  to 
form  a  near  approach  to  black.  In  other  places  we  find  two  dots  of 
different  colours  printed  above  one  another,  and  giving  just  the  same 
effect  as  the  sanie  two  colours  mingled  on  a  palette.  In  other  places 
we  fin<i  dots  of  different  colours  plactnl  in  juxtaposition  so  that  the 
eve  mi\t>  tluin  into  a  coniixnitKl  tint. 

'  NECESSITY  FOR  TRANSPARENT  INKS.  Now  it  is  obvious  that 
one  of  the  first  rcijuisites  of  the  inks  used  for  these  built-up  tones  is 
that  they  should  jk)sscss  transparency.  An  opaque  colour,  like 
vrrmilion  «»r  ultramarine,  would  at  once  blot  out  anything  already 
printed  Innieath  it.  We  can  therefore  say  at  once  that  such  colours 
are  inadmissihic  for  this  class  of  work. 

OPACITY  OF  YELLOW  PIGMENTS.  The  yellow  must  be  of  a 
sulphur  hue,  and  it  is  not  easy  to  hit  uyton  exactly  the  right  pigment. 
\  trans})j»rent  yellow  which  is  suitable  is  not  at  present  to  be  found, 
but  the  flifliculty  <if  opacity  is  partly  overcome  by  printing  the  yellow 
l)l(M-k  first.  Next  in  order  ctnnes  red,  and  there  is  nothing  better  than 
the  madder  lake  which  is  pnKluced  from  alizarine.  We  have  already 
seen  that  its  |K'nnanency  is  g<H)d,  and  it  is  a  verj-  transparent  colour. 
For  blue  we  must  use  Prussian  blue,  and.  as  far  as  possible,  the  three 
colours  must  be  so  compounded  that  they  possess  equal  covering 
jM»wpr. 

SUPPLEMENTARY  KEY  BLOCK.  Some  workers  have  advocated 
the  use  of  a  suppleiiK-utary  key  block  printed  in  black  or  brown  in 
addition  to  the  usual  trichromatic  blocks.  But  this  can  only  be 
necessary  when  the  original  screens,  or  the  coloured  inks,  are  at  fault, 
or  when  the  screens  do  not  represent  truly  the  complementaries  of  the 
colours  used.  If  the  right  colours  are  employed  the  su|K'r|)Osition  of 
the  three  inks  sh'»u!d  produce  black,  and  different  shr.des  of  giey 
sh'>uld  be  possible  by  var\'ing  the  propoiticns  of  each.  The  key 
block  is  regaidcd  by  the  foremost  workers  as  a  su|)erfluity. 

Gou>.  Silver,  and  Hronzk  Ink.s. 

In  printing  characters  in  g«jld.  silver  or  bronze  an  ink  of  a  certain 
degree  of  viscosity  must  be  ased,  and  the  metal  subsequently  applied 
either  in  the  form  of  leaf  or  of  fine  powder. 

It  is  preferable  that  the  ink  used  should  be  of  a  colour  that  will 
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form  a  »uituble  groundwork  for  the  iitetul  (for  example,  burnt  uinlH-r 
for  use  with  bron/e)  and  that  it  in  eH.sential  that  it  shall  not  contain 
any  constituent  (such  ns  a  pigment  containing  free  sulphur)  that  will 
react  with  the  metal. 

Seymour  *  recommends  a  varnisli  prepared  by  incoqwrntinp 
melted  beeswax  with  lithographic  varnish  to  form  a  paste-iiki- 
medium. 

'•  Dutch-leaf,"  an  alloy  of  copper  and  zinc,  is  extensively  used  in 
the  preparation  of  metallic  powders  for  the  printer,  and  the  colour  is 
varied  by  alterinj;  the  eom[)osit!on  of  the  injrn'dients. 

Inks  for  Ciikques  and  Dank  Notes. 

Under  the  head  of  "  Printing  inks  that  change  e«>lour  on  tin- 
application  of  an  acid,"  Sai'agff  tells  us  of  a  black  ink,  the  method  of 
making  which  was  for  a  long  time  kept  a  profound  secret  '*  by  one 
house  in  the  city  of  I^ndon,"  which  was  designed  to  prevent  fniudu- 
lent  alterations  in  bankers'  cheques,  &c.  And  he  suggests  that,  in 
addition  to  this  precaution,  the  whole  paper  of  such  documents  should 
be  covered  with  a  delicate  lace  pattern  in  a  light-coloured  ink,  so  that 
should  any  attempt  be  made  to  remove  writing  U|M>n  such  a  draft 
by  means  of  acid,  the  pattern  and  the  printe<i  words  would  disap|>ear 
as  well  as  the  writing  ink.  The  black  ink,  for  which  he  furnishes  a 
recipe,  is  made  of  galls,  iron,  and  logwtMHl,  which  is  precipitate«l. 
dried,  and  ground  with  soap,  turpentine,  and  balsam  of  capivi. 

For  the  purpose  of  printing  the  lace-like  pattern  over  the  surface  t>f 
the  paper  he  recommends  the  lake  of  commerce,  ground  up  with 
varnish  and  a  large  prt)portion  of  curd  soap.  This  ink  he  actually 
tried,  and  found  that  it  would  not  resist  oxalic  acid,  but  he  states 
that  any  colour  of  vegetable  origin  might  Ik"  adapted  t«)  the  san»e 
pur|M>sc.  He  expresses  the  hope  that,  from  the  hints  which  he  has 
given,  the  subject  will  be  pursued  and  the  metluMl  nuide  |)crfeft — 
and  asserts  that  if  he  should  thus  prove  to  be  the  means  of  preventing 
the  commission  of  crime,  it  would  Iw  a  source  of  the  highest  i:n»ti<U-!i- 
tion  to  him. 

In  the  earliest  attempts  to  guard  against  fraud  by  ultenilion-.  m 
checpies,  &c.,  attention  was  directed  to  the  writing  ink  to  be  <i^<<t. 
and  numerous  so-called  **  sjtfety  inks"  (p.  219)  were  devised. 
Obviously,  however,  such  inks  would  «»nly  be  usetl  to  a  limiti*<l  extent . 
an<l  the  necessity  for  them  has  been  largely  obviated  by  the  intr 
tion  of  various  rmtluMis  of  printing  the  gruuntlwork  of  the  <  1 
with  s|)ecial  inks  that  would  |K'nnanently  change  colour  on  the  addi- 

•  Modern  Printing  Inks,  p.  73. 

t  The  Preparation  of  Printing  Ink,  183^. 
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tion  of  any  of  the  usual  reagents  employed  to  remove  ordinary  iron 
gall  inks. 

PATENT  INKS  FOR  CHEQUES.  &c.  A  process  patented  by 
Seropyau  (Kiig.  l*at..  No,  I74(,  i -^s)  ^v:is  devised  to  prevent  the 
counterfeiting  <»f  bankers'  dnifts  and  otlifr  documents  by  photo- 
graphy. Two  or  nuire  colours  were  used,  each  of  which  *'  absorbed 
light."  The  groundwork  of  the  n«ite  was  printed  in  one  of  these  (e.g. 
yellow,  red,  or  orange),  whilst  the  other  was  made  into  an  ink  for 
printing  the  design  and  figures  on  the  note,  and  was  as  fugitive  as  the 
ground  colour.  An  ink  of  this  type  consisted  of  iron  hydroxide  and 
gallic  acid  gn)und  in  boiled  linseed  oil.  Documents  thus  printed 
gave  only  a  blurred  photographic  copy,  whilst  any  attempts  to 
remove  the  ground  colour  simultaneously  removed  the  design. 
\')t!itVH  discover^'  of  colour  sensitive  plates  destroys  whatever  value 
there  was  in  this  invention. 

In  Moss's  patent  (Eng.  Pat.,  No.  348,  1859)  the  paper  pulp  for  the 
notes  was  incorf>oratcd  with  a  pigment,  such  as  chromium  oxide  or 
burnt  clay  ;  whilst  an  ink  for  printing  the  notes  contained  burnt 
China  or  other  clay  and  sulphur,  with  or  without  a  pigment.  It  was 
stated  that  any  attempt  to  remove  the  colour  or  printing  would  render 
the  note  useless  for  circulation. 

A  permanent  printing  ink  for  bank  notes  invented  by  Edson  (Eng. 
Pat.,  No.  3204,  1863)  consisted  of  a  comi)ound  of  stannic  oxide  with 
chromium  oxide  or  other  metallic  oxide. 

In  1S76  Pinkneij  (Eng.  Pat.,  No.  4470)  claimed  a  process  of  treat- 
ing the  note  with  a  substance  that  would  form  an  insoluble  compound 
with  ordinary  writing  ink,  and  mentioned  in  particular  soluble  non- 
deliquescent  ferro-  and  ferri-cyanides  with  an  aniline  or  vegetable 
colour  as  suitable  for  the  purpose. 

In  Sesbifs  patent  (No.  4204,  1879)  ordinary  lithographic  ink  was 
dried,  powderetl,  and  mixed  with  an  aniline  dye-stuff  soluble  in  water 
the  whole  being  mixed  with  turpentine  or  other  liquid  which  would 
not  dissolve  the  aniline  dye-stuff.  Cheques  printed  with  this  ink 
would  be  smeared  on  applying  any  aqueous  reagent  to  remove  writing. 

A  special  metho<l  of  preparing  paper  for  cheques  by  immersion  in 
copper  sulphate  and  ammonium  carbonate  solution,  and  subsequently 
in  an  alkaline  sfjlution  of  cochineal  with  alum  and  glycerin,  was  pro- 
\-isionally  protected  by  Haddan  (Eng.  Pat.,  No.  4997,  1879).  This 
paper  would  change  colour  on  contact  with  the  reagents  used  to  re- 
move writing  ink. 

\  pnjoess  with  the  same  end  in  view  was  patented  by  Diiprif  and 
Hehnrr  (Kng.  Pat.,  No.  375, 1881 ).  The  preparation  used  for  printing 
the  note  consisted  of  a  sulphide  insoluble  in  water,  but  acted  on  by 
dilute  acids  {e.g..  /ine  snli>hid'^>  wiM<  !<»ad  carbonate  or  other  salt  of  a 
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heavy  metal.  The  mixture  was  worketi  into  a  {MUitc  with  glycerin, 
treacle,  and  gum  arable,  and  could  l>e  used  for  printing  invisible 
characters  on  the  cheque,  or  added  to  the  coloured  paste  for  printing 
the  groundwork.  On  applying  acid,  alkali,  or  cyanide  to  a  cheque 
thus  treated,  dark  stains  would  l>e  pnxluecd  inune<liately. 

A  method  of  preventing  the  obliteratitm  of  printing  ink  by  means 
of  solvents  for  oils,  and  es|M>ciully  the  cancelling  marks  on  postage 
stamps,  was  devised  by  Nesbit  (Kng.  Pat..  No.  949,  1HS3).  It  con- 
sisted of  the  use  of  a  printing  ink  prepared  by  incorporating  an 
extract  of  alkanet  rotit  with  oil.  Any  attempts  to  remove  ordinarj- 
printing  ink  would  blur  the  printing  done  with  this  ink.  In  iSt;^ 
Wfbh  (Kng.  Pat.,  No.  26,992)  patented  an  aniline  safety  ink  for  copper 
and  steel-plate  printing  of  cheques  and  the  like. 

In  a  process  patented  by  Roman  (Kng.  Pat.,  No.  3909, 1904)  the 
pa|)er  is  impregnated  with  |>otassium  ferrocyanide  and  ammonia,  and 
the  printing  done  with  an  ink  containing  ferric  chloride,  potassium 
i(Mlide  and  caustic  soda.  The  oily  medium  prevents  the  interaction 
of  the  ingre<lients,  but  a  stain  is  produced  when  there  Ims  been  any 
tampering  with  acid  or  alkali.  The  addition  of  magenta  or  manganese 
to  the  ink  intensifies  the  stain. 

.\nai.y8I8  of  Printing  Inks. 

In  examining  a  printing  ink  it  is  necessary  to  se|>;trat(.  the  pig- 
ment from  the  oil  medium  by  means  of  a  suitable  solvent.  In  aonw 
cases  a  mixture  of  aleoluil  and  ether  will  be  found  sat  is  fact  or>*.  the 
insoluble  matter  being  collect e<l  uiM>n  counteriH>ise«l  filter  {»a)M'rs  and 
weighe<l. 

In  XieolardoVa  *  process  of  analysing  paints  the  simple  is  treate<l 
with  hot  toluene  to  se|>arate  the  oil  fnmt  the  minenil  matter  :  the 
latter  is  then  decomposed  with  hydrwhloric  acid  l>eneatli  the  surfaif 
of  the  toluene,  the  lil>erated  hydn>gen  sulphide  oxidised  by  l>eing 
passed  through  tutn-s  containing  nitric  acid,  and  |M>ta.v»ium  |M-r- 
jnanganate  solution,  and  the  sulphate  determined.  The  residue  of 
oil  from  the  toluene  extract  is  drietl  at  105°  C  and  weighe<l. 

As  nitration  of  the  solution  fnmi  the  finely  divided  pigment  is  often 
dinicult  owing  to  the  particles  blocking  the  pnprr.  rrntrifiipd  fcim- 
may  be  used  effectively  for  the  se|Niration. 

The  insoluble  residue  containing minend  pignimts.  himp  lihtck.  in- 
soluble lakra  of  dye-stuffs,  and  filling  materials,  such  iis  »jli(ji.  Sn-.,  is 
examined  by  the  usual  metluMls.  .Any  soluble  pigment  dtKHolvcd 
by  the  solvent  is  separated  by  metho<]N  outline<l  on  p.  113  and  its 
nature  determined. 

•  Ann.  Ckim.  Anal.  AptJ..  1913.  xriii,  1K4. 
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Four  eoninieroiul  printing  inlu  examined  by  the  writer  had  the 
following  composition  : 

1.  Yelloftc.     Contained  52.4  per  cent,  of  lead  chromatc. 

2.  Yellow.  Contained  54.6  per  cent,  of  oil,  and  23.07  per  cent,  of 
mineral  matter,  mainly  alumina  and  silica.  The  pigment  gave  the 
reactions  of  Aurine. 

3.  Blue.     Contained  35.74  per  cent,  of  Prussian  blue. 

4.  tied.  Contained  45.(>6  per  cent,  of  oil,  15.86  per  cent,  of  ash 
(largely  alumina),  with  an  alizarine  pigment. 


SECTION  III. 

IMv8  lOK  .MISCELLANEOUS 
rU  liPOSES. 

CHAPTER  XII. 
COPYING   INKS. 

Ck>XTXVT8. — Various  copying  inkit  :  Patent  copying  inks  :  Copjrjng 
papers  :  Copying  ink  pencils  :  Manifold  copying  appaiatna. 

Most  writing  inks  are  capable  of  yielding  one  or  more  copies  when 
pressed  with  a  suitable  moist  i)aper  s<K)n  after  writing.  Thus  an 
ordinary  iron  gall  ink  of  the  old  ty|)e  will  give  a  faint  copy  before  it 
has  become  completely  oxidise<l,  but  when  one*'  the  pigment  has 
become  completely  insoluble  copies  can  no  longer  l)e  taken. 

As  the  process  of  copying  tends  to  make  the  original  writing  t<»o 
faint,  it  is  necessarj'  to  have  an  additional  quantity  of  pigment  in  the 
ink,  together  with  a  certain  proportion  of  gtmi  or  other  adhesive 
material  to  attach  this  excess  of  colouring  matter  to  the  surfjice  of 
the  paper,  and  to  protect  it  from  too  rapid  oxidation. 

In  the  case  of  "  alizarine  "  inks  the  iron  tannate  l)ec<)nies  instiluble 
as  the  writing  dries,  but  the  indigo  remains  soluble  in  water,  so  that  a 
faint  blue  copy  can  l>e  taken  at  any  subsequent  period  by  pressing  the 
writing  with  a  damp  sheet  of  pa|M>r. 

LogwcKKl  inks  yield  re<ldish-grey  copies,  whieh  gradually  oxidise 
and  beconje  black.  When  the  writing  is  wmipletely  dr>'  only  faint 
copies  can  be  taken. 

Dextrin  is  sometimes  employed  in  place  of  gum  to  form  a  sort  of 
varnish  over  the  writing  to  prevent  early  oxidation.  Sugar,  too,  is 
frequently  added  for  tlie  same  purpose,  but  1ms  the  drawback  of 
leaving  the  writing  more  or  less  sticky. 

Virdt  *  considers  that  many  copying  inks  contain  too  large  a  pn»- 
portion  of  adhesive  substanc(>.  and  is  of  opinion  that  from  30  to 
50  grms.  of  gum  arabic  |)er  litre  is  quite  suflleient  for  a  gtHxl  ink. 
•  DimgUr't  foiyi.  Joum.,  1875,  ccxrii,  148. 
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A  small  amount  of  jjlytfrin  is  u  common  const  it  tit-nt  of  copying 
ink,  its  object  being  to  prevent  the  gum  from  completely  drjing.  If, 
however,  it  be  udded  in  too  large  an  excess  the  ink  will  smudge,  as  is 
the  case  with  a  certain  commercial  copyinL'  ink  that  contains  as  much 
as  a  third  of  glycerin. 

Even  in  Botlgrr^s  copying  Ink  (infra)  tin-  i>n)|M»rtion  of  glycerin  ( 1 20 
grms.  f)er  litre)  is  ttni  high,  and  in  Viedfa  opinion  only  a  sixth  of  this 
amount  is  required  to  make  an  excellent  copying  ink  on  those  lines. 

S|)caking  generally,  iron  gall  and  logw(KMl  inks  should  contain  from 
30  to  40  |>er  cent,  less  water  than  inks  of  the  same  formula  intended 
for  use  as  wTiting  inks  only. 

VARIOUS  COPYING  INKS.  Of  the  numerous  published  formula 
forntpyin^  inks  the  following  are  selected  as  typical,  whilst  others  can 
easily  be  calculated  by  mo<lifying  the  composition  of  writing  inks 
given  (pp.  81-89),  >w  accordance  with  the  general  considerations 
given  above  : 

Stark's  Patent  Copying  Ink.*  Logwood  extract,  250  grms. ;  iron 
sulphate,  17  grms. ;  copper  sulphate,  17  grms.  ;  alum,  100  grms.  ; 
and  sugar,  50  grms.,  in  a  litre  of  boiling  water.  The  sodium  is  sub- 
sequently mixed  with  16  grms.  of  potassium  chromate,  100  grms.- of 
glycerin,  and  200  grms.  of  sulphindigotic  acid. 

lioliger's  Alum  Logttood  Copying  Ink.-f  One  part  of  alum,  2  of 
copiK'r  sulphate,  and  4  of  logwood  extract  are  boiled  with  48  ftarts  of 
water,  and  the  solution  filtered.  Copies  made  with  this  ink  are 
faint  at  first,  but  soon  become  dark. 

A  later  modification  of  this  ink  was  made  by  Bottger^  in  the 
following  manner :  Logwood  extract,  30  gmis.,  and  crj'stalline  sodium 
carbonate,  8  grms.,  are  boiled  with  250  c.c.  of  water,  and  the  solution 
mixed  with  30  grms.  of  glycerin  (sp.  gr.  1.25),  i  grm.  of  potassium 
chromate,  8  grms.  of  powdered  gum  arable,  and  (preferably)  about 
I  grm.  of  copper  sulphate  to  strengthen  the  colour. 

Dilidon's  Patent  French  Copying  Ink.\  GalLs,  10  grms.,  ferrous 
sulphate,  100  grms.,  and  logwood,  300  grms.,  are  boiled  with  i^ 
litres  of  water  down  to  i  litre.  The  solution  is  then  mixed  with  250 
grms.  of  njolasses,  1 5  grms.  of  g\mi,  and  50  grms.  of  alcohol  containing 
5  grms.  of  an  essential  oil  as  preservative. 

DietericK's  Violet  logwood  Jnk.\\  Logwood  extract  solution 
(20  per  cent.),  600  ;  sulphuric  acid,  0.5  ;  mixed  with  a  solution  of 
aluminium  sulphate,  40  ;  oxalic  acid,  40  ;  potassium  carbonate,  40  ; 
potassium  bichromate,  4  ;  and  phenol,  i  ;  in  250  parts  of  water. 
This  ink  yields  excellent  copies. 

•  Dinger  n  polyt.  Joum.,  1875,  ccxvii,  76.  f  Ibid.  1859,  cli,  431. 

X  Ibid.  i84>9.  cxci.  175.  {  Woifner**  Jahruber.,  1873.  xix,  842. 

il  Pharm.  Manual,  1897,  p.  685. 
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Dietcrich's  Gall  Copying  Inks.  Dieierich  •  lias  prcfMircil  copying 
inks  from  oxidised  p^W  extract  and  oxidised  tannin  s<^>lution  prepared 
as  descrilx-d  on  p.  88. 

Black  Oxidised  Gall  Ink.  900  parts  of  the  oxi<liscd  ^all  ixtrat  t 
with  4  of  sulphuric  acid  (sp.  gr.  1.835)  and  60  of  ferrous  sulpliate, 
decanted  after  three  weeks  and  diluted  to  a  litre 

Black  Oxidised  Tannin  Ink.  600  parts  of  oxidised  tannin  soluti(»n 
mixed  with  a  solution  of  60  parts  of  ferrous  sulphate  in  350  parts  of 
water,  filtered  after  three  weeks  and  diluted  to  a  litre. 

For  coloured  copying  inks,  these  inks  are  mixed  with  various 
aniline  dyes,  such  as  phenol  blue  2.5  fmrts  per  litre  ;  6  of  Ponceau 
red  ;  6  of  aniline  green  ;  1.5  of  phenol  blue  and  2.5  of  aniline  green 
(for  blue-green);  1.5  of  phenol  blue  and  2.0  of  Ponceau  red  (for 
violet),  &c. 

Aniline  Copying  Inks.  Many  of  the  commercial  copym^j  inks 
are  prepared  from  aniline  colours,  which,  being  soluble  in  water  and 
not  readily  undergoing  oxidation,  enable  copies  to  t>e  taken  at  any 
subsequent  period. 

Dieierich  f  gives  the  following  formula;  for  such  aniline  copying 
inks : — 

VioUt.     20  of  methyl  violet,  3  B,  in  940  of  warm  water,  with  10 

of  sugar,  and  2  of  oxalic  acid. 
•  Blue.     10  of  resorcin  blue  in  930  of  water,  with  10  of  sugar  and  2 

of  oxalic  acid. 
Red.     Kosin,  2^  ;   sugar,  30,  in  100  of  cold  water  ;   siiboequently 

filtered. 

The  following  dye-stuffs  maniifnctiirKi  li\  tin  limliS' h<  t  nmjHiny 
are  suitable  for  copying  inks  : — 

Violet  Inks,     (a)  Crystal  Violet,  the  hydrochloride  of  hexamctliyl- 

pararosaniline. 

(b)  Methyl  Violet  O  and  III.  extra  N,  whicK  are  of  similar 

ctu-ruieal  composition. 
Green  Inks.     Diamond  Green,  B  and  G  (cf.  p.  105). 
Ned  Inks.     Diamond  Magenta  and  Magenta  Powder^  which  are 

mixtures  of  the  hy<lrochloride  and  act^tate  of  panutManiline, 

and  the  corres|>onding  salts  of  rosiiniline  reKjjcetively. 

Safranine    Y.    extra,    being    phenyl-    and    tolyl-tolu«Afranin 

chlorides. 
Black  Inks.    A  combination  of  the  above  violets,  greens,  and  reds 

with   chr>'soidine   (diamido-azobenxol   hydrochloride)  yields  a 

black  copying  ink. 

*  Pkarm.  MoHtial,  1897,  p.  683.  f  Ibid.  p.  687. 
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PATENT  COPYING  INKS.  Numerous  British  patcntJi  have  been 
taki-ti  nut  for  tilt-  pn-paration  of  copying  inks  an<i  papers,  of  which 
the  following  are  the  more  important.  The  nuMlcrn  metliotl  of 
copying  by  means  of  pressure  and  a  si)ecial  ink  is  due  to  James  Watt, 
the  cnginf^T  {Kng.  Pat.,  No.  1244,  1780),  whose  copying  press  was 
of  the  same  form  as  in  use  to-day.  The  addition  of  glycerin  was 
flrst  claimed  by  Henry  (Kng.  Pat.,  No.  1132,  1858),  whilst  Roberts 
(Eng.  Pat.,  No.  1213,  1S62)  added  mola.«ses  and  an  extract  ot  albe- 
mosch  see<l8,  in  addition  to  glycerin.  The  use  of  glycerin  was  also 
claimed  by  IVinslone  (Kng.  Pat.,  1996,  1858),  by  Cooke  (Eng.  Pat., 
No.  47.  1869),  and  by  Coen  (Eng.  Pat.,  No.  3247,  1891).  In  Conrad 
and  Lilley's  patent  (No.  201 1,  1890),  indigo  carmine,  aniline  black, 
glycerin  and  magnesium  chloride  are  added  to  an  ordinary  iron  giill 
ink  ;  whilst  the  addition  of  a  deliquescent  salt,  such  as  ammonium 
nitrate,  with  the  glycerin  is  protected  by  Conrad  (Eng.  Pat.,  No. 
10,401,  iSt^o). 

Aniline  dye-stuffs  enter  into  tlu-  composition  of  several  of  the 
patented  inks,  that  of  Kvcayser  and  Ilasak  ( Eng.  Pat .,  No.  4606, 1878), 
consisting  solely  of  an  aqueous  or  alcoholic  solution  of  an  aniline 
colour. 

Copying  inks  in  tlie  form  of  a  powder  were  patented  by  Byford 
(Eng.  Pat.,  No.  974,  1876)  and  by  Jacobsohn  (Eng.  Pat.,  No.  15S6, 
1878),  the  latter  being  prepared  by  evaiK>rating  to  dryness  a  solution 
of  aniline  dye  with  sugar,  gum,  &c. 

COPYING  PAPERS.  Ot  special  copying  papers  that  of  Piffard 
(Eng.  Pat.,  No.  i(i.<)05,  1S90)  was  prepared  by  treating  pa|>er  with  a 
saturated  solution  of  gallic  acid,  and  was  used  with  an  irtm  ink. 
In  Beales"  patent  (No.  1 7,373,  1890),  the  paper  consists  of  tissue  paper 
saturated  with  a  solution  of  loaf  sugar  and  silver  nitrate  in  a  mixture 
of  water  and  glycerin,  whilst  the  ink  is  an  iron  gall  logwood  ink  con- 
taining glycerin  and  vegetable  black.  Both  of  the  above  inks  are 
.stated  not  to  require  a  copying  press. 

Another  special  copying  paper  is  that  protected  by  Broum  (Eng. 
Pat.,  No.  3S07,  1900),  which  is  coated  on  one  side  with  hardened 
gelatin,  and  on  the  other  with  a  deliquescent  salt  such  as  calcium 
chloride  and  a  solution  of  a  substance  not  affected  by  ordinary  ink. 
This  {>aper  does  not  require  damping. 

Cameron  (Eng.  Pat.,  Jfo.  16,515,  1910)  claims  the  use  of  paper 
moistened  with  a  solution  of  tannic  or  gallic  acids  to  obtain  copies 
from  writing  in  orrlinar>'  ink.  To  prevent  smudging  sodium  sulphate 
or  an  alkaline  salt  is  added  to  the  liquid.  In  the  case  of  logwcxxl  inks 
the  copying  paper  may  also  contain  alum. 

OOPYINO  INK  PENCILS.  These  consist  of  a  base,  such  as  pow- 
dered graphite  and   kaolin  clay  mixed  with  a  very  concentrated 
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solution  of  methyl  violet  or  other  aniline  dye-stuff  into  a  paste,  which 
is  pressed  into  sticks  and  dried.  In  ViedCa*  opinion  the  use  of  gum 
anibic  as  a  binding  material  is  less  suitable.  Provisional  protection 
was  claimed  by  PelU  (Kng.  Pat.,  No.  4090,  1874)  for  a  copying  ink 
pencil  prepared  in  this  way. 

BIANIFOLD  COPYING  APPARATUS.  The  well-known  simple 
apparatus  known  as  a  graph  is  comiM)sed  of  a  stiff  gelatin  bed,  which 
receives  the  impression  of  the  writing  and  enables  several  copies  to  be 
taken.  The  ink  usually  consists  of  an  aqueous  solution  of  methyl 
violet  or  other  soluble  aniline  dye.  This  type  of  copying  appiratus 
was  patented  by  Rosefeld  in  1879  (Eng.  Pat.,  No.  2256),  the  block 
consisting  of  gelatin,  glycerin,  molasses  or  sugar,  acetic  acid,  and  iron 
oxide,  with  sodium  bisulphite  to  prevent  decom|K)sition  of  the 
gelatin.  S|K*cial  aniline  and  metallic  inks  for  manifold  copying 
appanttus  were  also  patented  by  Hardt  (Kng.  Pat.,  No.  41S7,  1879). 

Another  copying  apparatus  of  the  same  type,  protected  by  Schmitt 
(Eng.  Pat.,  No.  94S,  1881),  contained  glycerin  and  chrome  alum  in 
the  jelly,  whilst  the  ink  contained  a  colour,  such  as  indigo  and  a 
uranium  salt,  and  had  a  chemical  action  on  the  bed.  The  impression 
produced  on  the  bed  was  capable  of  receiving  printing  ink.  The 
drawback  of  gelatin  copying  appanttus  is  that  the  jelly  sotm  becomes 
saturated  with  the  aniline  ink  and  is  no  longer  capable  of  yielding 
clean  copies.  This  is  obviated  in  the  apparatus  [jnitected  by  Smith 
(Eng.  Pat.,  No.  7149,  1888),  which  consists  of  a  slab  com|H)sed  of  a 
mixture  of  china  clay,  starch,  glycerin,  and  water,  from  which  the 
impression  can  be  completely  removed  by  means  of  a  sponge  after 
use.  The  ink  is  a  solution  of  an  aniline  colour  in  a  mixture  of  water, 
alcohol,  and  liydrochloric  acid. 

•  Dingier' a  polyt.  Joum.,  1875,  cczri,  96. 
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MARKING  INKS. 

CoNTKNTS. — The  ink  plant  of  New  Granada  :  Tho  Indian  marking 
nut  :  The  Cashew  nut  :  Rhufl  toxicodendron  :  Rhus  venenata  :  Rhus 
radieans  :  Other  vegetable  juice.s  :  Chanio^  marking  inks  :  Silver 
inks  :  Ctold  maridng  inks  :  Platinum  iniirkiiii;  inks  :  Marking  inks 
containing  other  metals  :  Aniline  marking  inlu  :  Indigutin  marking 
inks  :  Alizarine  marking  ink  :  Examination  of  marking  ink  :  Marking 
ink  |K>ncil8. 

Natural  Vegetable  Inks. 

NcMKiious  plants  contain  a  juice,  which  is  oxidised  on  exposure  to 
the  air,  yielding  black  or  brown  pigments,  often  of  great  durability  ; 
and  such  natuntl  inks  have  been  employed  in  various  parts  of  the 
world,  either  for  writing  or  for  marking  linen. 

Jametel*  quoting  from  ancient  Chinese  documents,  states  that 
prior  to  about  2697  B.C.  the  Chinese  used  a  kind  of  vegetable  varnish 
for  ink,  and  not  the  prtxiuct  which  is  now  known  as  Chinese  or  Indian 
ink.  It  is  probable  that  this  ink  was  the  juice  of  a  species  of  Rhus 
{vide  infra). 

THE  INK  PLANT  OF  NEW  GRANADA,  According  to  Johnson  f 
the  juice  of  Coriaria  thymifulin,  known  locally  as  chauci,  or  the  '"  ink 
plant,"  is  at  first  red,  but  rapidly  changes  in  colour,  beconung  deep 
black  in  a  few  hours. 

The  juice  can  be  used  as  ink  without  any  treatment,  and  gives  a 
very  stable  writing,  which  is  not  afTected  by  sea-water.  Johnson 
states  that  all  the  older  documents  in  Spanish  South  America  were 
written  with  this  ink. 

It  is  also  a  native  of  New  Zealand,  where  too  it  goes  by  the  name 
of  the  ••  ink  plant."  J 

THE  INDIAN  HARKINO  NUT.  The  fruit  of  the  Indian  tree 
Anacaniium  orieutale,  which  is  now  termed  Smiecarpus  anacardium 
(Fig.  5b),  has. long  been  known  as  the  "  marking  nut,"  from  the  fact 
that  its  juice  makes  a  ver\-  dark  and  durable  stain  on  linen  or  paper. 

The  tree  Is  found  throughout  the  hotter  |>arts  of  India,  though  not 
in  Ceylon,  and  is  also  met  with  in  the  West  Indies  and  in  Northern 

*  Loc.  cit.,  Introd.  p.  x. 

t  Universal  Ctfclopaedia,  New  York,  1894,  art.  Ink. 
X  Smith.  Diet,  of  Economic  PtanU,  p.  132. 
205 


206 


INKS  AND  THEIR  MANUFACTURE 


Australin.  Tho  rii>c  fruit  in  yellow  in  colour,  and  is  eaten  after 
roasting  by  the  natives.  As  met  with  in  commerce  it  i«  a  black  ovul 
or  heart-shaped  substance,  about  2  cm.  in  length,  and  the  same  in 


Vu:. 
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■  ifiinitum). 


brciuith.  and  \  cm.  tliick.  The  white  kernel  is  et>vercd  by  a  reddish 
|H"llicle. 

The  natives  prepare  the  ink  fnim  the  unriiM*  fruit,  ami  use  it  when 
mixed  with  quicklime  for  marking  c<»tton  an<l  linen,  on  which  it 
pHKluees  a  very  permanent  mark.*  The  <lried  juice  is  aJso  exten- 
sively employed  in  the  nuinufaeture  of  a  black  varnish. 

Lnch  t  found  that  the  juice  required  wanning  to  make  it  flow 

*  #^<(cr  =  •  in*rk,  and  Kofiwot  ■>  fruil. 
t  PhilonapMico-Tfchmirmm.  I7<»3.  p.  319. 
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lrr(l\.      Ill-     Nsriting  done   with    it   was   first    rt'ddish   brown,    but 
rapidly  iH'canie  di-rp  black  and  was  vory  indelible. 

The  bruwn  oil  from  the  niesocarp  dissolves  in  [xitassiuni  hydroxide 
solution,  giving  a  green  solution,  wiiilst  the  aleoholic  solution  becomes 
black  on  the  addition  of  basic  lead  acetate. 

The  juice  has  a  very  irritant  action  upon  the  skin,  producing 
symptoms  similar  to  eczema,  ami  the  same  effect  is  said  to  be  pro- 
dueetl  by  the  fumes  given  off  on  roasting  the  nut. 

We  have  nuide  a  number  of  exix'riments  with  the  dried  nuts.  The 
bliick  viscous  juice  surrounding  the  kernel  of  these  had  a  charac- 
teristic aromatic  o<lour  and  pro<luccd  a  Hght  brown  stain,  which 
gradually  darkened  on  exi>osure  to  the  air. 

A  decoction  of  the  broken  nuts  in  boiling  water  rendered  alkaline 
with  ammonia  yielded  a  dark  fluid,  and  the  characters  made  with 
this  on  paper  or  linen  were  dark  brown,  and  very  resistant  to  the 
action  of  reagents.  They -were  not  removed  by  bromine,  oxalic  acid, 
or  hydrochloric  acid,  whilst  alkalies  rendered  them  darker.  They 
wore  s<i)luble,  however,  in  ether. 

Kindfs*  method  of  preparing  the  ink  was  to  extract  the  nut  with 
a  mixture  of  absolute  alcohol  and  ether  to  evajjorate  the  extract  to 
the  required  consistency.  The  writing  done  with  this  fluid  on  the 
linen  was  moistened  with  lime  water  or  an  alkaline  solution  to  turn 
it  black.  Kindt  found  that  it  was  capable  of  resisting  boiling  with 
hydrochloric  acid  and  potas.sium  chlorate,  though  rendered  faint  by 
the  treatment. 

THE  CASHEW  NUT.  This  is  the  fruit  of  another  member  of  the 
Atuicurdiacece,  A.occidenlale,  a  tree  somewhat  resembling  the  walnut 
in  size  and  appearance  (Fig.  57).  It  is  found  in  India,  the  West 
Indies,  and  tropical  parts  of  South  .\merica. 

The  kidney-sha{>ed  fruit  is  about  an  inch  in  length,  and  projects 
from  a  fleshy  pear-sha|>ed  fruit-stalk.  The  milky  juice  in  the  stem 
of  the  tree  becomes  hard  and  black  on  exposure  to  the  air,  and  is 
used  locally  as  a  varnish. 

Lnci.*  t  '"  1 7^>3  found  that  the  dark  viscous  juice  within  the 
nut  when  applied  to  cotton  or  linen  gave  a  brown  stain,  which 
was  very  iK'rmanent,  but  did  not  become  black  upon  exposure  to 
the  air. 

The  brown  oil  in  the  fruit  is  soluble  in  potassium  hydroxide  solu- 
tion. On  treating  an  alcoholic  solution  with  basic  lead  acetate  a  red 
precipitate  is  obtained. 

In  1847  .SVaerfr^  separated  a  vesicating  principle,  which  he  termed 
Cardol  (CjiHjoO,),  and  a  reddish  yellow  oil,  which  he  termed  Aua- 
cardic  acid. 

*  DingUr's  poltft.  Joum.,  1859,  cliv,  158.  f  loc.  eiL 
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RHUS  TOXICODENDRON.    Tliis  is  a  iwiKonoiis  plant,  originally 
indigenous  to  N.  America,  where  it  was  known  as  tlie  *'  |)oison  tree  '* 


Fio.  57.     Cashew  nut  (Anacardium  occidtntaU). 


by  llu- natives  of  CaroIiiiM*  Mild  t..  .I;i|    >     'i    •■    ii.     ni. .- li.is  li.mr 
been  used  as  a  varnish. -f 

The  milky  juice  rapidly  djirkriis  on  ixpoMirc  to  iin  iut,  .nm  in- 
fre<iuently  lu'cn  rcconunended  as  an  indelible  ink.  es|MHMnlly  for 
marking  linen.  Thus  the  Abii  Mozeos  X  state<l  that  he  had  made 
ex|Mrinients  on  this  point,  and  fountl  that  the  writing  still  remained 
black  after  five  years,  during  which  period  the  linen  was  re|)catedly 
washed. 
•  Millor,  Tram*.  Roy.  Soe,,  1755,  xlix,  l(>i.        f  ""•' 
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The  plant,  which  is  also  known  »s  the  poison  ivy  and  poison  oak 
grows  to  a  height  of  several  feet,  and  prwiuces  small  green  flowers, 
( f 'g-  5S).    The  leaves  are  employed  commercially  in  the  manufacture 


Fn.  58.    Rhus  toxicodemdroH. 


of  a  black  stain,  and  are  collected  for  this  purpose  from  May  to  July, 
whilst  the  plant  is  in  bloom.  The  juice  of  the  leaves  will  raise  a 
blister  on  the  skin  within  forty-eight  hours,  and  even  the  vapours 
given  off  by  the  living  plant,  especially  by  night,  produce  vesicular 
eruptions  on  the  skins  of  certain  people  peculiarly  sensitive  to  its 
effects.  Porcher  found  that  the  acrimonious  vapours  emitted  during 
the  night  contained  hydrocarbons,  and  would  ipnite  when  brought 
into  contact  with  a  flame. 

o 
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Kliltlil.  u  111.  t  \ainiin<l  tlif  run.stitucnts  of  tlif  (li.iiil  ni   1^5^.  louiid 

that  it  coiitaiiKd  an  ■"  ir(»n-j;rft'ning  "  t4)nnin. 

in  ift05  Maiscli  aiul  StilU  *  iwilatcd  »  volatile  substance  whic-li 
reduced  silver  nitrate  solution  and  pive  a  white  jirceipitate  with 
lead  acetate,  and  a  white  precipitate,  turning  black  on  heating,  with 
niercurous  salts.  To  this  substance  they  gave  the  name  of  toxi- 
codendric  aciil. 

Their  results  wt  n  i  ..niirriK d  ii>  1.S83  by  Pettigrew,  who  also  found 
that  the  acid  gave  a  red  colour  with  ferric  salts. 

The  black  stain  prixliM-ed  by  the  jiiicr  nf  ft.  Inrirndrndron  cariiHpt  Ik 
reniOV«"(l  li\  tin-  I  n.at  hm  nt  \sitli  .iIiiIimI  ,.i  ^,,a\i  ami  uatcr.  Imt  dis- 
solves ill  t  till  1 . 

RHUS  VENENATA.  'IIm-  i--  a  siuuii  uhidi  grows  on  nmrehy 
ground  ill  Xiii'tli  Ann  lira  \sIm  i<  it  is  p()|iuiarly  known  as  thejIOtJKm 
autnucli.  It  i^  Usually  Iroiii  1  i<i  i  ,  feet  tiiuh,  but  sometimes fesches 
a  height  i>i  ;  ,  i. ,  t .  It  has  a  dark  grey  bark,  and  produces  greenish- 
white  flouns  ami  Ixrries. 

<  )n  niakiii;;  an  incision  in  the  bark  a  thick  white-,  o|>aque,  pungent 
llnid  cMidcs.  which  on  exposure  to  the  air  rapi«lly  beeonu's  black. 
When  this  li(|uid  is  boiled  with  water  the  volatfle  constituents  arc 
expelled,  and  the  residue  can  In  used  as  a  black  varnish,  similar  to 
that  prepared  from  the  lifm-.  ;  -  1  i,n  in  of  .Japan. 

The  poisonous  symptoms  c  au~.(  <l  l)y  flic  juice  an-  similar  to  those 
produced  by  Rhus  toxirodrnilrun  hut  niaiiy  persons  an-  <pnte  inununc 
lo  its  effects,  whilst  others  arc  inure  alii  (  ti  .1  t>\  its  i  niaiiafinns  than 
by  thr)sc  of  R.  toxicodendron. 

The  workmen  who  use  if  as  a  lini-.lnnLr  \arnish  fur  hoofs  fn  tun  nfiv 
suffer  from  its  acfmii.t 

RHUS  RADICANS  is  a  \aritty  of  R.  Inricndrndnm.  and  not  a 
s  iiarate  species.  If  pnxluccs  rouiul  grecnish-whife  berries,  and  its 
juice  has  similar  pro|>erties. 

OTHER  VEGETABLE  JUICES.    Lnvis  iu 
experiments  to  determine  the  permanent;y  of  the  stains  pro<luc< 
the  juices  of  difTercnt   plants.     He  found  that  the  milky  jui«  t  -  ..; 
poppies,  dandelion,  hawkweed  and  sowthistle  gave  bniwn  or  brownish 
red  characters,  l)ut   that   thes*-  were  readily  renunable  on  washing 
the  linen. 

The  colourless  juice  fn)m  hop  stalks,  on  the  other  tuind,  gave  a 
very  permanent  pale  reddish-brown  stain. 

She  juice.  The  juice  from  slo<-s  used  by  itself  gave  a  |»nle  brown 
stain,  whilst  with  the  jui(*e  used  in  conjunction  with  alkali  a  much 
dark'  r  slain  wa-.  producid.      Tiie  fresh  jiiiiM  .  .m  haknii,'.  l)ccam' 

•  \<i!u.',,ii  I h^jK  n.^>iti>ri/,  \i.  I  isj, 

•  Nlill   I' nr  h,    Afttrnrtin    Slniictnitl  i  \J. 
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and  when  applnd  U»  linen  jpivc  retl  stains,  which  l?ecame  l»lu«-  im 
contact  with  soap.  These  characters  were  very  pcrnuincnt,  and  had 
only  bec<jmc  faint  after  hmg  continued  washing. 

In  1904  a  new  industry  was  started  in  Mexico,  the  pulp  of  the 
EsclcloaiinitI  In^ng  then  first  made  into  marking  ink  on  a  commercial 
scale.  The  tree  grows  abundantly  in  the  districts  of  Jala|)a,  Vinios, 
TexjMX'o  and  Huaxtlau,  and  according  to  the  report  of  the  Consul  • 
the  trade  was  hkeiy  to  be  greatly  developed.  During  the  month  of 
April  of  that  year  2300  litres  of  the  ink  were  exported  to  Germany. 

Chemical  Mabking  Inks. 

SILVER  INKS.  Of  the  different  substances  that  have  been  em- 
ployed as  marking  inks,  the  best  known  and  most  commonly  used 
has  been  a  solution  of  a  silver  salt,  the  reduction  of  which  within  the 
fibres  of  the  material  has  left  an  insoluble  black  deposit  of  a  more  or 
less  permanent  nature. 

The  earliest  inks  of  this  type  required  the  linen  to  be  previously 
treated  with  what  is  known  as  a  pounce  and  then  dried,  but  these 
have  l>een  entirely  superseded  by  inks  which  are  reduced  by  passing 
a  hot  iron  over  the  writing. 

.\n  ink  of  this  earlier  type  was  recommended  by  Reimann  f  as  |ate 
as  the  year  1870.  It  contained  1.6  parts  of  silver  nitrate,  2  parts  of 
gum  arable,  J  part  of  sap  green  in  1 6  parts  of  water ;  whilst  the  pounce 
consisted  of  2  parts  of  crystalline  sodium  carbonate  and  2  parts  of 
gum  in  8  parts  of  water. 

A  similar  ink  intended  for  use  with  steel  pens  was  also  described  by 
Reimann.  It  was  prepared  by  dissolving  2  parts  of  silver  nitrate  and 
1  i  parts  of  glim  in  5  parts  of  ammonia  solution  and  filtering  the  liquid, 
a  little  magenta  red  being  added  to  impart  a  temporarj'  colour.  The 
pounce  for  this  ink  contained  3  parts  of  sodium  carbonate  with  2  J 
parts  of  gum  in  9  parts  of  water. 

Redwood's  Marking  Ink.  This  was  prepared  by  adding  a  solution 
of  31  partsof  silver  nitrate  in  water  to  a  solution  of  50  parts  of  sodium 
carbonate  in  water,  collecting  and  washing  the  precipitated  silver 
carbonate,  triturating  it  with  tartaric  acid  and  adding  sufficient 
ammonia  solution  to  dissolve  the  silver  tartrate.  The  ink  was  then 
completed  by  the  addition  of  15  parts  of  archil  extract,  16  parts  of 
white  sugar,  and  50  parts  of  gum  arable.  With  this  ink  no  previous 
preparation  of  the  fabric  was  necessary,  a  hot  iron  being  passed  over 
the  writing  to  start  the  reduction. 

Some  time  afterwards  Rtadt  (Eng.  Pat.,  No.  11,474,  ^^^f>)  claimed 

•  Board  of  Trade  Joum.,  July  14,  1904. 
t  Dingier  »  folyi.  Joum.,  1870,  czot,  283. 
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the  use  (jt  u  marking  ink  the  basis  of  whieh  was  also  silver  tartrate. 
This  was  prepared  by  rubbing  together  in  a  mortar  equal  parts  of 
tartaric  acid  and  silver  nitrate,  then  adding  water,  and  flnaliy 
neutralising  the  liquid  with  ammonia.  In  this  process  the  somewhat 
tedious  operation  of  washing  the  silver  carbonate,  as  in  RedivoofTji 
process,  was  dispensed  with. 

Claim  was  also  made  for  the  addition  to  this  ink  of  an  ammnniacal 
solution  of  a  gold  salt,  so  as  to  render  the  writing  proof  against  the 
action  of  solvents  for  silver  salts. 

Dieterich  (1897)  recommends  a  solution  of  25  parts  of  silver  nitrate 
and  15  of  gum  in  60  parts  of  ammonia  solution,  with  the  subsequent 
addition  of  2  parts  of  lamp-black  or  indigo  as  a  temporary  colouring 
matter. 

The  ink  is  used  with  a  quill  pen,  and  the  writing  is  fixed  by  passing 
a  hot  iron  over  it.  By  increasing  the  amount  of  gum  to  25  parts,  a 
rubber  stamp  can  be  used  with  the  ink. 

Soubeiran's  Marking  Ink  *  consisted  of  8  parts  of  silver  nitrate, 
4  parts  of  sodium  carbonate,  and  3  parts  of  copper  nitrate,  in  100 
parts  of  ammonia  solution. 

Buflon  (Eng.  Pat.,  No.  738,  1856,  Proi.)  claimed  the  addition  of 
platinum  chloride  to  a  silver  marking  ink,  with  the  objo<  *  <  •'  •■. n.Jering 
the  characters  more  permanent. 

KindCa  Marking  Ink^  consists  of  11  parts  of  silv«  i  niiiite  dis- 
solved in  22  parts  of  ammonia  solution  and  mixed  with  a  solution  of 
22  parts  of  sodium  carbonate  in  12  parts  of  water.  The  ink  is  then 
thickened  by  the  addition  of  50  parts  of  gum  and  colouretl  with  2 
parts  of  sap  green.  Marks  made  with  this  ink  on  linen  gradually 
darken  on  exposure  to  light,  but  the  process  of  reduction  is  acceleratid 
by  heat. 

Silver  Chloride  Marking  Ink.  The  linen  fabric  is  first  prei>arefl 
with  a  20  per  cent,  solution  of  sodiimi  chloride,  to  which  has  been 
added  50  i>er  cent,  of  gum  arabie.  The  ink  is  prepared  by  dissolving 
a  part  of  silver  nitrate  and  2  parts  of  gum  in  10  fuirts  of  water,  and 
adding  a  little  indigo  carmine  as  temi>orar\'  colouring  matter.  The 
silver  nitrate  in  the  ink  reacts  with  the  so<lium  chloride  in  the  pre- 
pared linen,  forming  silver  chloride,  which  is  reduced  on  exposure  to 
sunlight. 

Ruhr's  Marking  Ink.X  Very  black  characters  arc  producetl  by 
an  ink  consisting  of  i  part  of  silver  nitrate  and  6  |>arts  of  gum 
arabie  in  0  parts  of  water,  on  linen  previously  prepared  with  a  solution 
of  I  part  of  sodium  hy|>osuI|)hite  and  .:  parts  of  gum  in  16  \mxis  of 
water. 

•    IhntjIrr'M  poitft.  Jiimn  .  1^)>.  rviii.  i">7. 

t  /fcirf..  i859.cliii.  \'i\.  X  1^^-  1867,  dxxxT,  536. 
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An  analysis  of  a  Hriti-sh  siiver  inurkiug  ink  made  by  the  writer  gave 
the  fuiluwing  results  :  Water  (eontnining  4.S7  per  cent,  of  ammonia), 
76.93;  total  solids,  23.07;  mineral  matter,  12.30;  silver,  9.98; 
tartaric  acid,  6.83  ;  platinum,  0.26  ;  substances  insoluble  in  nitric 
ncid,  0.1 1  ;  and  gum,  3.94  per  cent.  The  ink  contained  archil  as  a 
trniiMimry  pl^rnirnt. 

GOLD  MARKING  INKS.  One  of  the  best  known  gold  inks  is  based 
on  the  formation  of  what  is  kuown  as  the  purple  of  C'assius.  The 
linen  is  prepared  by  treatment  with  a  i  per  cent,  sfilution  of  stannous 
chloride  containing  10  per  cent,  of  gum,  whilst  the  ink  consists  of  a 
I  jK'r  cent,  solution  of  the  double  chloride  of  gold  and  sodium,  to 
which  also  has  been  added  10  |>er  cent,  of  gum. 

If  the  fabric  be  prepared  with  a  20  jx-r  cent,  solution  of  oxalic 
acid  containing  40  per  cent,  of  gimi,  instead  of  with  the  tin  solution, 
the  gold  writing  has  a  metallic  lustre  after  being  ironed  and  washed. 

Gold  marking  ink  is  more  permanent  than  silver  ink,  and  its  addi* 
tion  to  the  latter  was  patente*!  by  Reade  (supra). 

PLATINUM  MARKING  INKS.  These  are  prepared  in  two  solu- 
tions like  the  gold  ink.  The  fabric  is  first  treated  with  a  mordant 
containing  30  parts  of  oxalic  acid  and  30  parts  of  gum  in  100  of 
water  and  dried.  The  ink,  which  consists  of  i  part  of  platinum 
chloride  and  2  parts  of  gum  in  10  parts  of  water,  protluccs  red  marks 
on  the  prepared  linen,  which  should  be  well  washed  as  soon  as  the 
writing  is  dark  enough. 

A  purple  platinum  marking  ink  described  by  Reimanu  (loc.  cit.) 
contains  i  part  of  platinum  chloride  in  16  ]>arts  of  water.  The  linen 
is  first  prepared  with  a  solution  of  3  parts  of  sodium  carbonate  and 
3  parts  of  gum  in  1 2  parts  of  water  and  dried.  After  the  letters  have 
been  written  on  this  prepared  surface  and  have  dried,  the  place  is 
moistened  with  a  solution  of  i  i>art  of  tin  chloride  in  4  parts  of  water, 
which  changes  the  writing  to  reddish  purple. 

MARKING  INKS  CONTAINING  OTHER  BIETALS.  In  addition 
to  platinum  and  gold  sjilts.  which  have  been  nsfd  either  alone  or  in 
conjunction  with  silver  salts  as  constituents  of  marking  inks,  and 
which  are  obviously  too  exjK'nsive  for  general  use,  numerous  other 
metallic  com|M)unds  have  lK?en  employed  for  the  same  purpose. 
Thus  in  1S7S  Ilickisson  (Kng.  Pat.,  No.  5122)  protected  an  ink 
containing  a  salt  of  vanadium  with  an  oxidising  agent  com|)osed  of 
metals  or  siilts  |>ref«Tably  those  of  nickel  and  chiuht.  to  act  as 
mordants. 

Sachs  (Kng,  Pat.,  No.  1838,  1880)  has  produced  .sohitioiis  which 
he  claims  to  be  good  marking  inks,  by  the  action  of  polysulphides  of 
heavy  metals,  such  as  those  of  iron,  zinc,  or  copper,  on  organic  sub- 
stances, such  as  non-volatile  fats  or  sawdust,  in  the  presence  of  a 
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suitable  metallic  hydroxide  or  bulphide,  e^.  sodium  hydr. 
sodium  sulphide. 

MarkiiiL:  inks  ol  Narious  eolours  were  protected  by  Laitgbrck  (Kng. 
Pat.,  No.  ,'!'•  1  "  I  These  consisted  of  pigments,  such  '^  "■'-- 
blaek.  stttnilniii  ult  i .1111:11  itie,  cadmiuuj  yellow,  and  emenil 
mixed  witli  a  ^uitaM.  profMirtion  t)f  albumin,  an<l  ineorjM.rattd 
with  a  li(|iiiil  liasf  e(>ni|)osed  of  salieylie  aeid.  tur|H-iitiiie  oil. 
spirits  of  wiiu",  j^lyo  rin.  ami  wafer  in  ai.|ir(  ixiniatrly  s|,((irn(l  pm- 
portions. 

In  a  sul)se»iuent  patent  (N<i.  i  .  i  j  taken  out  by  llickisaon  and 
Laiifihcck,  the  basis  of  the  ink  luailt  li.-m  the.sc  pigments  was  a  solu- 
tion of  india-rubber  in  carbon  bisulphide,  a  little  essential  oil  being 
added  to  prevent  too  rapitl  evaporation.  The  fabric  was  heated  after 
niaii^  \(  t  aii(.lh<  r  method,  protected  by  the  same  {Mitentees 

(No.  ,  ,-,  .  .>;,  the  mixture  of  pigments  and  albumin  was  added  to  a 
base  consisting  of  5  to  8  grains  of  arsenic  p(  ni  m.I.  .  10  grains  of 
tiir|>entine  oil,  6  drachms  of  glycerin,  and  i  oz.  ot  water. 

Diinitiji's  lilrlunnuilr  Marking  Ink  (Kng.  Pat.,  No.  648, 1888)  con- 
sists of  a  si.hilih  (dlunring  matter  mixed  with  gelatin  and  |K>tas.sium 
bichromatt  .  tlii->  la^t  constituent  being  reduced  on  exjMtsiug  the 
writing  to  tlie  action  of  sunlight. 

MoUfbdic  Marking  Ink.  An  ink  was  reconunended  by  Rodcr  *  in 
1.S56  as  adhering  well  to  the  linen,  and  re.sisting  the  action  of  both 
acids  and  alkalies.  It  was  prepared  by  dissolving  5  parts  of  niolyb<bc 
oxide  in  sullicient  hydrochloric  acid,  and  adding  6  parts  of  gum 
arabic  and  ,;  j»arts  of  swcctwood  extract  {Lnrkrit--  \  in  m.  i.:ir»v  r,f 
water.  Wlirii  the  writing  was  dry  th--  limn  ss, 
sohit  iiiii  1  it  t  ill  cliluridc. 

I'niijiii-  MniLini;  InLs.  '\'\\,  |.rrci|)!tati-  olitaiiiid  i.n  tnatiiiL'  a 
soiiition  of  copper  c  lilornlr  \\  ii  h  p,  l^ivsunn  hydroxide  is  ilissoKrd  in 
as  little  ammonia  solution  a^  pi  -il)l<-,  and  a  little  dextrin  tir  gtim 
added  as  ,1  ihickeningaL'i  'i  11 1,  \s  riting  done  with  this  ink  becomes 
blaek  uIh  n  a  hot  iron  is  |  .1-1  <\  ■•wr  it. 

Satjjvrn  (Kng.  Pat.,  No    1     ;  ;  <)  protected  a  process  of  making 

an  ink  for  marking  cloth,  pap.  1.  Ar.,  byinunersing  organic  flbrous 
material,  sih  h  as  silk,  in  anunonia  solution  containing  copfHT,  and 
admiltinL:  air  through  a  small  ofKniing  froni  time  to  time.  The 
solution  ot  ^lik  in  this  **  copperise<i  anunonia  "  was  ilescrilxtl  by  the 
inventor  as  a  "    lustrous  l>l;H'k  ink." 

A  UUu-  liiilihhi,  liiL  n  (I  ntl\  dcscrilH'd  f  e«)nsists  of  a  mixture  of  a 
silver  an<l  a  copper  marking  ink.  (a)  Silver  nitrate  10  parts  in  30 
parts  of  anunonia  solution,     (b)  Stxiium  carlMuiate  10  parts,  gum 

*  Dinfflv^s  folnt.  Jomru,,  1830.  cxh,  159. 
t  Seiemt.  Amer.  Suppl.,  Juw  .\i.  i<a'.>. 
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Hrai'H-  13  })urts.  Hint  ((ipiter  sulphate  3  imrts  in 40  parta  of  wati-r. 
The  two  jmrts  («)  and  (b)  art*  mixed  together. 

MaiigaiitHe  Murhing  Ink.  Reimautt  (loc.  cit.)  rectimniends  the 
following  as  a  elu-ap  brown  marking  ink.  The  linen  is  first  pre- 
{)an>d  by  treatment  with  a  solution  of  i  part  of  a  ferrocyanide  and 
I  part  of  gum  in  j  parts  of  water  and  dried.  The  writing  is  tlien 
done  with  a  solution  of  4  parts  of  mangimous  ac>etate  in  12  parts  of 
water,  and  the  linen  finally  treated  with  a  solution  of  4  |)art8  of 
potassium  hydroxide  in  10  parts  of  water. 

This  causes  the  sepanttion  of  manganese  hydroxide,  which  is 
gradually  oxidised,  ftjrming  a  dark  brown  manganese  oxide. 

This  prtx?ess  is  manifestly  too  complicated  for  onlinary  use.  and 
the  treatment  of  the  linen  with  strong  caustic  alkali  solution  must 
have  an  injurious  tfTfct  np<tn  the  fibres. 

ANILINE  MARKING  INKS.  An  ink  in  one  solution  is  obtained 
by  thoroughly  mixing  z  parts  of  aniline  black  in  40  {tarts  of  strong 
alcohol  (<>5  |)er  cent.)  containing  2  parts  of  hydrochloric  acid,  and 
adding  a  solution  of  3  parts  of  shellac  in  150  parts  of  the  strong 
alcohol.  The  writing  done  with  this  ink  is  not  removed  by  water, 
but  is  not  verj-  resistant  to  the  action  of  alkalies. 

Jacobsen's  Aniline  Ink*  This  ink  depends  on  the  formation  of 
aniline  black  within  the  fibres. 

It  consists  of  two  sfihitinns,  which  are  kept  separate  until  just 
before  use  : 

(fl)  Copper  Sulnttuu.  (.  oppt-r  chloride,  8.52  grms. ;  sodium 
chlorate,  10.65  grms. ;  an<l  ammonium  chloride,  3.35  grms.,  in  60  c.c. 
of  water. 

(b)  Aniline  Solution,  .\niline  hydrochloride,  20  ^rms.,  dissolved 
in  30  c.c.  of  water,  and  mixed  with  20  grms.  of  a  solution  of  gum 
arable  (i  :  2)  and  i  gnn.  of  glycerin. 

For  use,  i  part  of  (a)  is  mixed  with  4  parts  of  (6).  The  writing  on 
linen  first  appears  green,  and  then  gradually  becomes  black  on  ex- 
posure to  the  air.  The  cliange  takes  place  at  once  on  heating  the 
fabric,  but  it  is  advisable  to  hold  it  over  steam,  since  dry  heat  tends 
to  render  the  marked  places  brittle.  Finally  the  place  should  be 
washed  in  soapy  water,  which  renders  the  writing  blue-black.  Mark- 
ing pro|>erly  done  with  this  ink  resists  the  action  of  acids  and  alkalies, 
and  can  be  frequently  washed  without  being  rendered  much  fainter. 

According  to  Strunk^  textile  fabrics  marked  with  aniline  inks  are 
liable  to  injun*'  when  sterilised  by  steam  unless  the  exc*ess  of  ink  has 
been  washed  out  previously,  and  even  in  that  case  woollen  articles 
are  rendered  friable  in  the  marked  places  by  steaming. 

*  Dingier' a  polyt.  Joum,,  1867,  clxxxiii.  78. 
t  Clum,  ZeiUnM.,  191 1,  i,  1463. 
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Silver  iiilcH  do  not  injure  the  fabric  on  stcriliMing,  provided  that  the 
iimrkingH  are  ex|x>sed  to  sunlight  f<»r  twctity-f'nir  hours  and  then 
Htcanied  for  30  minutes. 

There  are  also  several  preparations  on  the  market  in  which  the 
aniline  salt  and  the  oxidising  agent  are  present  in  one  solution,  but 
are  so  balanced  that  oxidation  does  not  take  place  within  the  Inittle. 
The  ink  thus  remains  fluid  until  it  is  applied  to  the  fabric,  but  then  its 
more  volatile  constituents  eva|>orate  and  oxidation  takes  plac*  with 
the  formation  of  the  black  pigment. 

The  exact  composition  and  methmis  of  preparing  these  ink.s  are 
carefully  guarded  as  trade  secrets. 

In  some  of  them  there  is  an  excess  of  free  aniline  over  the  oxidising 
agent,  and  this  evajwrates  when  the  ink  is  put  U|>on  the  fabric. 
Others  contain  both  free  aniline  and  acetic  acid,  both  of  which  sub- 
sequently evajwratc. 

The  stage  of  suspended  oxidation  is  by  no  means  easy  to  reach, 
and  an  ink  may  keep  well  for  a  month  or  so  in  the  bottle  and  then 
suddenly  yield  a  granular  de|)osit  of  aniline  black,  or  gelatinise  into 
a  sticky  mass  that  is  useless  for  marking  pur|K)se. 

Grmvitz's  Patent  Inks.  Aniline  inks  in  one  solution  ftave  been 
patented  by  Gra-aitz  (Ir.  Pat.,  No.  276,397,  1898).  Om  ■!  tli.  .  i> 
made  as  follows  : 

(a)  Aniline  hydrochloride,  135  grms. ;  aniline  oil,  200  ex.,  and  hot 
water  5  litres. 

(b)  Sodium  chlorate  400  grms.  in  3  litres  of  hot  water. 

The  solutions  («)  and  (b)  are  mixed  and  cooled,  and  the  cui)prr 
sulphide  precipitated  from  250  grms.  of  copper  sulphate  added.  Or 
cop(>er  thiocyanate  or  other  salt  promoting  the  oxidation  may  be 
used. 

Another  of  Grmvitz's  inks  contains  : 

(«)  Aniline  oil,   no  c.c.  ;    hydnx-hloric  acid  {20°  Bi),  10*    ■ 
water,  100  c.c. 

(b)  Potassium  ferrocyanide,  150  grms.  in  300  c.c.  of  boiling  water. 

The  two  solutions  are  mixed,  c<x)Ied,  and  a  solution  of  60  gimr.  of 
SiMlium  chlorate  in  400  c.c.  of  water  added. 

In  these  inks  the  conditions  for  stability  do  not  appear  to  have 
iK'cn  realised,  for  in  the  writer's  ex|)eriments  they  speedily  became 
solid  in  the  Mask. 

INDIGOTIN  HARKINO  INKS.  The  so-called  indign  blue  when 
purr  is  known  in  chemistry  as  iniiifiotin  (t'i,lI|oN,<^)j).  When  this  is 
treateil  with  a  re<lueing  agent  it  is  tHinvertetl  into  a  cohmrless  ct»m- 
|H>und,  imli^o  xvhite  (t'l.lluNjO,),  which  is  readily  soluble  in  solu- 
tions of  alkalies,  and  has  only  to  Im*  ex|M)sed  to  the  air  to  be  gradually 
oxidised  again  into  the  insoluble  blue  eom|M>und. 
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All    iiiili^ii   iiutrkitig    ink   boM^d  on   this   rriu-dun    i>>    pr'  :  !    \<\ 

treating  a  mixture  of  ^u  parts  of  indigo  blue  powder  and  ;  ,  of 
ferrous  sulphate  with  a  solution  of  40  parts  of  sodium  hydroxuk-  in 
200  parts  of  water.  The  whole  is  then  left  for  several  days  in  a  well- 
corketi  IxUtle,  whieh  is  shaken  from  time  to  time  until  the  reduction 
is  complete,  and  all  sign  of  blue  lias  disap|X'ared.  The  liquid  is  then 
decanted,  and  20  parts  of  gtun  arabie  added  to  i  part  of  a  saturated 
solution  of  litmus  to  fonn  the  provisional  colouring-matter.  The 
writing  done  with  this  ink  is  soon  oxidised  by  the  atmospheric 
oxygen,  and  eventually  becomes  deep  blue.  The  same  oxidation 
gradually  takes  place  in  the  ink,  with  the  formation  of  a  blue  deposit 
in  the  bottle. 

A  marking  ink  patented  by  Johnson  (Eng.  Pat.,  No.  1 771,  1880) 
is  based  on  the  synthetical  formation  of  indigo  blue  within  the  fibres 
of  the  fabric.  The  material  is  treated  with  a  solution  containing 
ortho-nit ro-phenyl-propiolic  acid,  a  reducing  agent  such  as  glucose, 
and  a  fixed  caustic  or  carbonated  alkali.  The  writing  is  develo|K?d 
by  the  action  of  steam,  which  produces  a  blue  colour,  or  by  dry  heat, 
which  makes  it  black. 

ALIZARINE  MARKING  INK.  A  red  marking  ink,  containing  the 
pigment  of  inadtlcr  (ahzarinc)  as  its  basis,  was  patented  by  Mtiller  in 
1864  (Eng.  Pat.,  No.  251 1).  The  linen  was  first  prepared  by  treat- 
ment with  a  solution  of  alum,  and  the  marking  done  with  an  ink 
composed  of  an  alcoholic  extract  of  madder  mixe<l  with  an  alkali  salt, 
gtun.  and  vermilion. 

CONGO  RED  MARKING  INK.  .\  red  marking  ink  is  described  by 
Gouillon.*  It  is  prepareti  by  dissolving  i  grm.  of  caustic  soda  in 
200  c.c.  of  water,  and  10  grms.  of  glycerin,  and  adding  to  the  hot 
solution  5  grms.  of  Congo  Red  and  30  grms.  of  Senegal  gum.  It  is 
then  left  to  clarify. 

Till-  inarkinirs  done  with  this  ink  (lisap|>car  after  a  few  washings. 

EXAMINATION  OF  MARKING  INKS.  The  chief  essentials  of  a 
good  marking  ink  are  :  (l)  It  shall  not  injure  the  fibres  of  the  fabric  ; 
(2)  it  shall  not  be  too  viscous  to  flow  smoothly  from  the  pen,  and  yet 
not  so  fluid  as  to  "  run  "  when  applied  to  the  linen  ;  (3)  it  shall  pro- 
duce characters  which  rapidly  darken  when  treated  with  a  moderately 
hot  iron  or  otherwise  ;  (4)  the  characters  shall  not  fade  when 
repeatedly  washe<l  with  soap  and  water,  and  shall  resist  the  action  of 
acids,  alkalies,  and  bleaching-powder ;  (3)  it  sliall  be  stable  in  the 
bottle,  and  not  gelatinise  or  form  deposits  if  the  cork  is  not  replaced 
for  some  time. 

The  comjwsition  of  an  ink  is  of  subsidiar>'  imj)ortancc  as  com- 
pared with  the  results  of  practical  tests.  It  is  best  to  make  characters 
•  Fobriouiiin  tU*  Encres  ef  Oroge*,  Purk  (1906),  p.  161. 
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t'ulli  (Ml  Inn  n  ;iii<l  rmc  falnic  ami  Im  1<i|Ici\s  tin  iiiatmfacl  urt  r\  flinc- 
tiKiis  lur  till-  Mihst-qut'tit  tKatiiicril   (it  tht;  liiattrial. 

MARKING  INK  PENCILS.  11"  earliest  i.«n.il^  mi.  n. ltd  for 
marking  liiu-n  contaiiK-d  a  silvt-r  salt  incor|M>ratt(l  with  a  suitable 
basic  material  and  a  provisional  rolouriti^  inattcr.  In  Dunn's 
patent  (Kn;;.  Pat.,  No.  ii,i<>,  I'^^H)  iiIuniba^;o  !■«  in< utioned  as  a 
suitable  .substance  to  be  nii.xed  with  the  silver  sjilt>. 

A  similar  pencil  was  patented  by  6W4ro//(Kng.  Pat.,  No.  37«>,  1S77). 
riii>  was  coni|)Osed  (»f  a  suitable  clay  earth  niixcil  witfi  silver  nitnitr 
or  other  soluble  silver  salt,  and  plumbago  freed  from  iiii)iiirit  ;■ 
would  cause  redueti<»n  in  the  silver  salt. 

In  1878  ///■'/, /A-,"//  (l-.n-..  I'at.,  Nm.  .\::)  a.ia|itrd  his  vanadium 
marking  ink  (.snj/iu)  (•>  Hi'  jin  paraliuit  of  inarkinLr  ink  |R-ncilK.  gum, 
gelatin,  dextrin,  elay.  m  i>lli>  r  suitable  suh^l  imi  Ixing  addi*d,  and 
the  mass  nionldcd  into  tiie  re(|(iired  sha|>e. 

Marking  jx  inils,  giving  different  cohtured  characters,  were  pr(|iared 
by  ffirkisson  and  Laugbeck  (Kng.  Pat.,  No.  -  ■.  i.sn^)  from  the 
marking  inks  containing  a  suitable  pigim  nt  ami  albumin  in  a  liquid 
iiasc  of  arsenic  iK'ntoxide,  turpentine  oil,  glycerin,  and  water. 

\  silver  pencil  also  |)atented  by  Hickisson  (Kng.  Pat.  No.  9149, 
1884)  has  a  marking-jioiiit  whicli  may  <'onsist  of  silver  nitnite  and 
pota.ssium  nitrate,  or  in  mhhc  casts  ammntiium  carbonal*-.  fused  with 
gum,  whiKt  (111-  (itlicr  cmi  i>\  tin-  in-mil  (iiiit,ims  :i  iimrdant  com- 
posed of,  e.g.,  Ixuax.  wax.  ami  1 1\  k  ii,'.illi  >!  >^lii.l.  ~  <,,.,li.,l  f..  •!..• 
writing  to  Jix  it.       In    a    snli^iiim  iit    jiali ni 

iSS.j),  claim  is  made  lor  s»  parale  pencils  cunlaiiniiu  iini\  i  m  iMniu.ini , 
.Aniline  «i\(  stuffs  soluble  in  oil, claimed  by  Ilickisson  (supra)  are  also 
m.i(l(  till  colouring  material  in  marking  jH-neHs.  For  this  pur|x>sc 
tin  \  aK  incorporate*!  with  suitable  ingre<lients,  such  as  gum  tntga- 
eanth,  kaolin,  .imi  li<ira\.  into  a  solid  ma.ss.  The  linen  fabric  is 
damped  with  a  suit  iMi  ml.  siieh  as  castor  oil,  and  the  writing  tinally 
heated. 

In  our  c\|iii  icnci-  with  ciiiani  markniL'  ink  pencils  of  foreign 
origin  contanum,'  aniliiK  il\  >  si  iiit>.  tin  wntncj  is  ..f  a  wry  filgitive 
charactt  I . 


CHAPTER  XIV. 

SAFETY  INKS  AND  PAPERS. 

CoNTKfTS. — ^Varioos  safety  mkl :  Resinous  inlu  :  Traill's  carbon  gluten 
ink  :  Soluble  glass  ink  :  Other  carbon  inks  :  Safety  papflft  with  tJftfvA 
iiJa  :  Patent  permanent  inJa  :  Patent  safety  papers- 

TuK  term  "  saft-ty  "  luis  btt-n  frf«iufntly  applied  to  inks  which  are 
sup|)ose(l  to  resist  the  action  of  all  chemical  agents  not  sufliciently 
jHiwerful  to  <iestroy  the  pajKT  or  imrchment  itself.  The  importance 
of  such  an  ink  in  the  case  of  historical  records  or  legal  documents, 
Ac,  is  obvious,  and  numerous  experiments  have  been  made  to  dis- 
cover the  best  fluid  for  the  purpose. 

It  has  already  been  noted  in  the  introduction  that  iron  gall  inks 
may,  under  favourable  conditions,  almost  equal  carbon  inks  in  defy- 
ing the  nivages  of  time,  although  many  instances  can  be  cited  where 
inks  of  the  same  character  have  prematurely  faded.  It  may  be 
pointed  out  in  connection  with  this  imperfection  that  chlorine  is 
used  as  a  bleaching  agent  in  paper  manufacture,  and  although 
"  antichlor  "  (sotlium  thiosulphate)  is  used  to  remove  free  chlorine, 
cases  may  occur  in  which  a  trace  of  the  chlorine  is  left,  and  would 
then  have  an  effect  upon  an  iron  ink. 

VARIOUS  SAFETY  INKS.  Several  of  the  earlier  formula  for 
prtniucing  ptTnuiiurit  writing  fluids  have  already  been  described 
in  chap,  i.,  in  the  section  dealing  with  carbon  inks,  p.  30. 

Inks  recommended  by  French  Commission.  In  1831  a  Commission 
ap|)ointed  by  the  Paris  Acad6mie  des  Sciences,  and  including  such 
eminent  chemists  as  Gay-Lussac  and  Che>Teul,  made  a  critical 
examination  of  all  the  inks  that  had  been  proposed  up  to  that  time 
for  the  prevention  of  the  falsification  of  writing,  and  concluded  that 
prior  to  1826  none  was  satisfactory'.  They  were  either  too  thick, 
or  attacked  the  paper,  or  yielded  a  de(>osit  too  readily.  Of  the 
different  inks  submitted,  the  Commission  recommended  the  two 
following  : 

i.  Indian  ink  (4  to  5  gnns.)  mixed  with  1000  grms.  of  dilute  hydro- 
chloric acid  (2,010  sp.  gr.).  This  ink  flowed  well  and  had  good 
penetrating  power,  whilst  the  acid  did  not  injure  the  paper. 

ii.  A  solution  of  manganese  acetate  (sp.  gr.  1.074).  With  a  ninth 
of  its  volume  of  acetic  acid  (100  parts  neutralising  160  of  sodium 
carbonate),  thoroughly  incorporated  with  Indian  ink.    The  writing 
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wa«fli'ii  ii\r,i  ;iii(|  Kiidciid  iiidi  iiiii,  i,\  Ik. Mill?  ii  < ' \ <  I  ainniunia 
vnixmr. 

Till  .kIx  ;iiil:iji  (iT  I  lll-^  ink  t)\(r  I  lie  iirccciliii;,'  (.m  i-.  tliat  Hit-  |)a|H-r 
will  imt  coiilaiii  III  I    acnl. 

\\C  lia\c  prcparitl  cailMiii  iiik^  Irmn  tin  >(■  ruiiiiula?,  and  find  that 
thf  writing'  rtsists  the  aclion  of  water,  aci<ls,  and  bleat'hinjr  agents. 
In  the  cast-  of  thi-  first  ink,  however,  we  find  the  ({uantity  of  IncUan 
ink  mentioned  (|iiifi  insuflieient.  We  used  th«-  linest  that  we  eouM 
obtain,  and  had  Id  adil  at  hast  six  times  as  niiicli  in  urdtr  to  obtain 
eharaeters  of  sulhcicnt  hlackni  v^.  AM,  r  tin  trr.itiiHul  with 
aiiuiiotiia  vapour  the  wrilin;,'  beeunus  iiuuli  gir\ir. 

W  '  ilUnh*  used  a  sohition  of  potash  and  wof»d  tar,  whilKt 
Ttniiii^^n,  t  mixed  lamp-blaek  with  a  sojnfion  (if  shellae  and  borax. 

RESINOUS  INKS.  Tliis  la  l  ink  is  n,i\  ,1,11.1.  ..n  tl«e  hues  of  that 
deserib<*d  by  Dcsmaii  \t.  i  \  i/  .  -Ik  ll:ii  .  i  :  borax,  h  ;  gum  arabie.  S  ; 
himp-blaek,  lo  ;  and  wati  r,  i        |,.iii-. 

Tlic  powdered  sheila*-  ;iikI  in  lax  are  boiled  with  the  water,  and  the 
solution  mixed  with  the  jm.w,!,  red  rrim,  and  lamp-bhiek.  niul  sub- 
secpi -ntly  decanted  from  tli<    Ik  a\ii  r  particles. 

In  i.S^7  //.  Step/ien.s  ami  /,.  \(/s//  pateided  (Kng.  Pat  \  ,  .,  > 
the  addition  of  carbi 'nac  <  .  .iis  mat  lit  tn  saiim  or  alkaline  solutions  of 
n-siiioiis  substances  (i.  i..in,  .  .  .nipc  mukIs  ik'I  ai  i  kU,.!  l.v  ,.r,linur>' 
eliciiiKal  aL;i-nt  s  ( ;  nh    1 1 

An  ink  1 1|  t  iiis  ciiarai  1 1  i  i  -  |  .m  pari  ti  li\  in  uliHi:  i  "  jmi  is  ni  lumnarv 
rosin  ami  i  ■  parts  ,)\'  sdiliuni.  put  assiuni,  or  anunoniiun  earlMinato. 
either  "ilone  or,  preferably,  nuxed  in  e<|ual  pro}Mirtions.  with  loo 
parts  of  water,  and  adding  a  mixture  of  4  parts  of  jM>wdere<l  gum. 
an<l  2  piirts  of  lamp-black. 

TRAILLS  CARBON  GLUTEN  INK.§  I  liis  »..nsistcd  .»f  himp-blaek 
and  indigo  incorporate<l  with  an  acetic  aciti  solution  of  the  gluten  of 
wheat  Hour.  The  gluten  was  |ircpare«l  by  kneading  the  flour  in  a 
«urti  nt  III'  water  nut  il  tin  stan  ii  lias  i)cen  separate<l.  .Vfter  twenty- 
fiMif  til  liiiity-si\  Ikiuis  in  tin  water  it  was  <li.'i  si.<l  with  acetic  acid 
(s|i.  ur.   i.'',,|ii  I.'.;)  lilt  Ik    pro|M>rtion  '  ,  of  gluten.     The 

gii  >  iii|iiiil  I  \  I  III  iiaii\  villained  with  tlic  aiu  .li  -eiille  heat  wais  then 
Usi  il  as  the  tiK  ilniiii  till  the  pigmctd.  whicli  consisted  of  alnjut  1  |kt 
CI  nt .  Ill  piiriticd  lamp-blai-k,  and  about   \  per  cent,  of  indigo. 

An  ink  attributed  to  lltilnr^tr  is  essentially  identi<*al  with  that 
lie  vised  by  Traill. 

Traill  states  that  his  ink  was  at  mik  >  ad. •pi-. I  i'-;<)  \>\  the 
NalK.na!    I'laid  -  'uiil.    which    h  'in     \  ietim  of 

•      I  '  '       '•   I  him.  ill  t    ll,i<l. 

I        !  ■•i-ffM  rt  Cir.i 
^    I  itii..^.  Itoy.  Soc.  /i..."..  i>  ^-  .  I 
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numemus  forfferie<t,  in  which  the  ink  on  bills,  &c.,  had  been  erased 
and  other  figures  substituted.  As  a  mutter  of  interest  we  made  in- 
quiries from  the  present  authorities  of  that  bank  in  Kdinbur^h,  who 
kindly  infonued  us  that  they  hud  no  record  of  any  other  ink  than 
ortlinary  iron  pall  ink  having  l)een  used  by  them.  It  is  not  improb- 
able that  the  use  of  TrnilCs  carbon  ink  was  discarded  on  the  intro- 
duction of  eheciues  printed  with  s|H'eiaI  inks,  which  would  change 
colour  if  anv  rhemi<'al  were  used  to  remove  the  writing. 

BAUDRIMONT'S  SOLUBLE  GLASS  INK.*  This  is  an  intimate 
mixture  of  soluble  glass  (sodium  silicate)  with  lo  per  cent,  of  lamp- 
black. The  silica,  on  separating  from  the  ink  during  the  dr>'ing, 
encloses  particles  of  carbon,  thus  rendering  the  characters  permanent. 
It  is  advantageous  to  remove  the  sotlium  carbonate  formed  by  the 
action  of  the  carbon  dioxide  in  the  air  u()on  the  sodium  oxide  by 
first  treating  the  written  pai)er  with  dilute  acetic  acid,  and  then 
thortnighly  washing  it  with  water. 

We  have  found  that  the  ink  thus  prepared  from  commercial 
sodium  silicate  is  much  too  thick  for  use,  and  requires  Jlo  be  suitably 
diluted  with  water.  Ink  having  a  specific  gravity  of  1.270  flows 
freely  from  the  pen  and  gives  very  black  writing.  When  the  dried 
characters  are  treated  with  water  the  surface  ink  is  readily  washed 
off,  but  there  still  remains  a  greyish  writing  within  the  fibres  of  the 
{)aper,  and  this  is  not  removed  by  leaving  it  in  water  for  twenty-four 
hours.  If  the  writing  be  left  for  twelve  hours  before  immersion  in 
water  much  less  of  the  pigment  is  removed.  The  ink  can  be  blotted 
immediately  after  writing  without  rendering  it  too  pale.  It  is  not 
affected  by  acids,  alkalies,  or  chlorine. 

OTHER  CARBON  INKS.  Numerous  other  formulae  have  been 
given  for  the  preparation  of  inks  of  this  character,  buf  most  of  them 
are  only  later  mcMlifications  of  those  described  above.  Thus,  a  weak 
solution  of  sodium  hydroxide  is  used  instead  of  hydrochloric  acid 
as  a  medium  for  Inclian  ink  (Bezanger)  ;  and  another  ink  consists  of 
lamp-black  and  gum  arable  incorporated  with  a  dilute  solution  of 
oxalic  acid. 

This  latter  ink  has  not  much  penetrating  power,  and  the 
writing  can  be  removed  from  the  paper  by  careful  washing  with 
water.  * 

Whitfield  (F>ng.  Pat.,  No.  7474,  1837)  prepared  lamp-black  from 
a  mixture  of  linseed  oil,  Venice  turi)entine,  and  other  organic  sub- 
stances, by  firing  the  mass  with  a  hot  iron,  and  collecting  the  soot  in 
an  inverted  cone,  i  lb.  of  this  lamp-black  was  mixed  with  i  quart 
of  vinegar,  z  gjtlls.  of  hot  water,  \  lb.  of  gimi,  and  J  lb.  of  shellac,  and 
the  whole  boile<l  for  ten  minutes.  Powdered  galls  ( i  Ih.)  and  logwood 
*  Desmarest,  Les  Encre*  ei  Cirages,  p.  '    : 
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chips  (2  lbs.)  were  then  intru<luccd,  and  the  ink  stirred  until  cold,  and 
exposed  for  throe  weeks  to  the  atmosphere  in  flat  pans. 

SAFETY  PAPERS  USED  WITH  SPECIAL  INKS.  Traill  (/or.  cil.), 
in  the  course  of  his  cxperinu-nls,  tested  llie  perumneney  uf  the  writing 
produced  by  different  solutions  of  metallic  salts  on  specially  prepared 
papers.  Sheets  of  unsized  paper  were  soaked  in  the  following 
different  solutions,  and  then  dried  :  (i)  An  infusion  of  galls  ;  (ii)  a 
solution  of  potassium  ferrocyanide  ;  (iii)  sodium  chloride  solution  ; 
(iv)  sodium  phosphate  solution  ;  (v)  potassium  iodide  solution  ; 
and  (vi)  potassium  bichromate  solution. 

i.  Characters  on  this  paper  made  with  iron  sulphate  or  copper  sul- 
phate were  readily  removed  by  chlorine,  oxalic  acid,  Ac. 

ii.  Ferrocyanide  Paper.  Antimony  chloride  solution  gave  bright 
blue  characters,  which  resisted  the  action  of  chlorine,  but  were  effaced 
by  ammonia.  Iron  sulphate  gave  dark-blue  writing,  copper  sulpliatc 
brown  characters,  and  cobalt  nitrate  deep-brown  characters,  which 
resisted  the  action  of  alkalies,  but  were  bleached  by  chlorine. 

iii.  Sodium  Chloride  Paper.  The  characters  produced  by  silver 
nitrate  on  this  paper  were  removed  by  ammonia. 

iv.  Sodium  Phosphate  Paper.  Acetate  of  lead  produced  intense 
yellow  characters. 

V.  Metallic  iodides  formed  in  the  paper  were  equally  unreliable,  as 
was  also  the  case  with  chromates. 

vi.  Metallic  sulphides,  whether  precipitated  in  the  paper  or  added 
in  the  form  of  coloured  com{>ounds  (lead  sulphide),  to  ordinary  inks, 
were  easily  bleached  by  chlorine. 

Indigo  sulphate  was  also  bleachc<l  by  chlorine,  but  when  added 
to  an  ordinary  iron  gall  ink  increased  its  stability. 

Antimony  and  Cobalt  Salts  Mixed.  A  mixture  of  co)>alt  nitrate  and 
antimony  chloride  ground  together  and  mixed  with  gum  water  yielded 
an  ink  which  gave  dark-brown  cliaractcrs  on  ferrcK'vanide  |>aper. 
The  writing  was  weakened,  hut  not  destroyed,  by  acid  or  alkali  ;  but 
when  soaked  alternately  in  these  reagents  was  completely  effaced. 

Summarising  the  behaviour  of  different  reagents  on  the  metHllic 
com[M>unds  tried,  Traill  came  to  the  following  conclusions : 
(i)  Chlorine  bleached  all  with  the  exception  of  the  blue  precipitate 
formed  on  adding  antimony  chloritle  to  potassifim  ferrocyanide. 
(ii)  Oxalic  acid  completely  bleaehe<l  gall  ink,  Prussian  blue.  lead 
iodide,  mercury  itxltde,  lead  ehromate,  and  indigo  sulphate,  though 
the  last  offered  more  resistance,  (iii)  Antimony  chloride  weakened 
or  destroyed  all  the  metallic  characters  with  the  exception  of  the 
antimony  ink.  Indigo,  again,  offered  considerable  resistance, 
(iv)  Caustic  alkalies  destroyed  all  with  the  exception  of  the  salt 
formed  by  adding  cobalt  nitrate  to  |)otassiuni  ferrocyanide. 
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PATENT  PERBIANENT  INKS.  The  addition  of  finely  divided 
carbon  to  ordinary  writiri^  inks  has  been  chiimed  in  numerous 
patents  ;  e.g.  by  Scott  in  Kn^.  I'at.,  No.  S770,  of  1840,  who  added 
gas-bhick,  indigo  and  Prussian  blue  to  gall  and  logwood  ink.  In 
Reades  patent,  No.  11,474,  ^^  1846,  the  use  of  Prussian  blue  was 
also  claimed. 

An  indelible  ink  patented  by  Stephens  and  Sash  in  1837  (Kng.  Pat., 
No.  734^)  was  prepare<l  by  distributing  the  carbon  in  a  solution  of  a 
resinous  soap  ;  whilst  Melville  (Eng.  Pat.,  534,  i860)  claimed  an  ink 
consisting  of  plumbago,  with  resin,  gum,  alum,  and  a  suitable  colour- 
ing matter.  In  18O1  Stevens  (Eng.  Pat.  2972)  patented  an  indelible 
anti-corrosive  ink  which  consisted  of  solutions  of  aniline  dyes  mixed 
with  linely  divided  carbon.  The  ink  protected  by  (iaffard  (Eng.  Pat., 
No.  1S39,  1874)  was  composed  of  a  mixture  of  carbon  with  the 
solution  of  an  alkali  silicate. 

A  mixture  of  sugar,  aniline  black,  and  soot  in  logwood  extract 
form  the  constituents  of  Fonseea's  patent  ink  (Eng.  Pat.,  No.  859, 
1883)  ;  whilst  Wass  (Eng.  Pat.,  No.  9249,  1885)  employs  carbonised 
sugar  scum  as  the  source  of  the  carbon.  A  solution  of  soap  in  water 
or  other  medium  is  claimed  by  Lichlentag  (Eng.  Pat.,  No.  24,644, 
1898)  as  the  liquid  part  of  a  carbon  ink. 

Only  a  few  inks  of  this  class  not  containing  carbon  have  been 
patented.  Ellis  (Eng.  Pat.,  No.  2267,  1863)  claimed  that  an  indelible 
ink  was  produced  by  precipitating  colouring  matters  by  means  of 
silicic  acid,  and  dissolving  the  precipitate  in  a  suitable  silicate 
solution.  In  1891  Leeeh  and  Ilarrobin  (Eng.  Pat.,  No.  1616)  pro- 
tectcil  a  writing  fluid  consisting  of  turpentine,  asphalt,  resin,  Wum, 
beeswax,  and  colouring  matter. 

.Muminium  powder  with  a  protective  varnish  forms  the  basis  of 
lilancnns  indelible  ink  (Kng.  Pat.,  No.  7263,  1893). 

PATENT  SAFETY  PAPERS.  One  of  the  earliest  so-called  "  safety" 
papers  was  that  (inscribed  by  Steienson  (Eng.  Pat.,  No.  7313,  1837). 
This  consisted  of  paper  impregnated  with  a  solution  of  manganese 
chloride  and  potassium  ferrocyanide,  and  was  stated  to  be  stained  by 
any  chemical  that  would  remove  ink. 

Ballande's  safety  paper  was  impregnated  with  mercuric  chloride, 
or  a  salt  of  iron  or  copper,  whilst  the  ink  consisted  of  a  solution  of 
sodium  thiosulphate  with  alum,  or  alkali  or  alkaline  salts,  or  of  other 
salts  (e.g.,  iodides,  sulphocyanidcs,  &c.)  capable  of  forming  coloured 
insoluble  compounds  within  the  paper.  (Eng.  Pata.,  No.  861,  1859, 
and  388,  i860). 

In  1864  Baildon  (Eng.  Pat..  No.  2223)  claimed  the  use  of  a  safety 
paper  from  which  the  colour  was  discharged  by  acid  in  the  special  ink 
to  be  used.    A  patent  on  similar  lines  (No.  6938)  was  published  by 
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Thocker  in  1 895,  the  paper  in  tliis  case  being  coated  with  colour,  which 
was  removed  as  soon  as  it  came  in  contact  with  the  ink. 

It  is  interesting  to  note  that  the  colour  of  ordinary  blue  papc  r  -ik  li 
as  is  used  for  ollic-ial  and  commercial  purposes  is  tliscliarjjcd  by  clihite 
mineral  acid  ;  and  wc  have  good  authority  for  stating  tliat  acid  was 
actually  in  use  as  a  white  ink  on  that  kind  of  paper  some  years 
Ix'fort'  tlu-  date  of  Baildnn^s  patent. 


CIIAI^'KH  XV 
SYBfPATHETIC  INKS. 

Contests. — History  :  Various  sytuiiathctic  iaks  :  Patent  sympathetio 
inka  :  Examination  of  documents. 

HISTORY. 

Tbb  term  sympathetic  ink  is  applied  to  writing  fluids  which  yield 
chamcters  that  remain  invisible  until  heated  or  treated  with  some 
suitable  reagent.  Such  inks  appear  to  have  been  known  in  the  early 
days  of  the  Roman  Empire,  for  Oi'irf  mentions  milk  as  a  suitable 
liquid,  whilst  Pliny  refers  to  the  juice  of  different  plants. 

The  earliest  known  chemical  sympathetic  inks  were  regarded  as 
acting  by  niagnetism.  Thus  Brossonius,  writing  in  a  medical  treatise 
in  the  early  part  of  the  seventeenth  centurj',  describes  a  "  magnetic 
fluid  "  made  from  "  arseniated  liver  of  sulphur,"  and  only  visible  when 
looked  at  with  "  eyes  of  affection."  This  app>ears  to  have  been 
nothing  more  than  an  ink  of  lead  acetate,  the  characters  being 
rendered  visible  by  the  action  of  hydrogen  sulphide. 

Borel  *  also  describes  these  inks,  the  secret  of  which  he  learnt  from 
Brossonius,  as  oqiue  magnetice  e  longinquo  agentes,  but  |>oints  out  that 
there  is  nothing  miraculous  in  their  action..  They  are  also  alluded  to 
by  Robert  Boyle  (1O63)  and  by  Otto  Tachen  (1669),  who  denied  that 
there  was  anything  magnetic  about  them,  and  by  numerous  later 
writers. 

The  name  sympathetic  appears  to  have  been  first  used  by  Le  Mort 
to  describe  the  lead  acetate  ink,  and  the  term  was  subsequently 
applied  to  all  secret  inks  of  the' same  kind. 

In  1715  Waiz  discovered  the  use  of  solutions  of  cobalt  salts  as 
sympathetic  inks,  and  the  French  chemist  Hellot  also  gave  a  descrip- 
tion of  them  a  few  years  later. 

Battista  Porta  (1367)  described  various  kinds  of  invisible  inks,  such 
as,  for  example,  the  use  of  a  solution  of  iron  sulphate  to  be  made 
visible  by  sponging  the  writing  with  a  decoction  of  galls.  He  also 
alluded  to  a  colourless  ink  which  was  made  visible  by  dusting  the 
paper  with  a  certain  black  |X)wdcr. 

*  Historiarum  Centnria,  iv,  p.  no. 
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Lemery  (1720)  dvtiCTibcs  sympathetic  inks  which  apftcar  to  ccmsist 
of  lead  acetate,  the  writing  being  made  visible  by  the  application  of 
a  sulphide. 

VARIOUS  SYMPATHETIC  INKS.  The  change  in  the  colour  of 
churacttTs  writtrii  with  a  solution  of  cobalt  chloride  is  due  to  the 
fact  that  the  pink  salt  loses  part  of  its  water  of  crystallisation  when 
heated  to  120°  C,  forming  a  blue  com{>ound,  and  that  the  latter 
on  exposure  to  the  air  gradually  absorbs  water,  and  regains  the  pink 
colour  which  is  nearly  invisible  on  white  paper.  By  the  addition 
of  other  salts  to  the  cobalt  solution — e.g.,  nickel  sulphate — the  colour 
of  the  heated  characters  is  modifled. 

Cobalt  sulphocyanide  solutions  give  pale  red  writing.  \slii<li 
changes  to  blue  on  heating. 

The  following  table  gives  a  list  of  some  of  the  better  known  sub- 
stances used  as  sympathetic  inks  : 


Colour. 

Ink. 

UonUnt. 

Black  or  brown. 

Lead  acetate. 

Mercuric  chloride. 

Oalls. 

Pyrugallol. 

Silrer  salt. 

Hydrogen  iulphide. 

Stannous  chloride. 

Iron  sulphate. 

An  alkali. 

(AcUon  of  light). 

Blue. 

Starch. 
Cobalt  nitrate. 
Iron  sulphate. 

Iodine. 
Oxalic  acid. 

Yellow. 

Copper  chloride. 
BaAic  k-ad  acetate. 
Antimony  chloride. 

(Vellow  on  heating). 

Hvdriuilic  acid. 

Galls. 

Oreen. 

Cobalt  chloride  with  a 

nickel  salt. 

Potaariatn  araenate. 

(Action  of  heatX 
Copper  nitrate. 

Parple. 

Qoid  chloride. 

Stannous  chloride. 

Oold. 

Qold  sodiom  chloride. 

Oxalic  add  (lOpereent.) 
On  treaUng  witk  hot 
iron  metallic  lualre 
is  produced. 
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A  8yni|)uliietic  iiictlioil  nii^iit  be  basc<l  on  u  process  funiiliur  to 
photographers,  by  which  so-called  **  magic  pictures "  have  been 
produced.  A  pltotographic  print  on  bromide  jm^ier  after  being 
bleached  in  a  solution  of  mercuric  chloride  and  thus  rendered  in* 
visible,  is  again  made  apparent  by  iK-ing  placed  in  contact  with 
blotting  pafH-r  moistened  with  a  solution  of  sodium  thiosulphate 
(•*  hypo  ").  It  is  obvious  tliat  writing  executed  with  any  suitable 
develo|)er  on  bromide  paper  would  appear  and  disappear  under 
similar  conditions. 

Another  method  is  suggested  by  the  fluorescence  of  a  solution  of  a 
quinine  salt  under  ultra-violet  light,  or  of  other  compounds  under 
the  influence  of  radium,  X-rays,  &c. 

Sympathetic  inks  have  fretjuently  been  put  to  an  ingenious  and 
per\*erted  use  by  sharpers  of  the  racecourse,  two  of  whom  were 
recently  convicted  of  this  kind  of  fraud.  A  betting  paper  giving  the 
names  of  horses,  &c.,  is  written  in  two  kinds  of  ink,  one  of  which 
fades  away,  whilst  the  other  gradually  appears.  The  disappearing  ink 
commonly  used  is  a  weak  solution  of  starch  tinged  with  a  little  tinc- 
ture of  iodine,  and  writing  done  with  this  soon  fades  away,  whether 
ex|>oscd  to  the  light  or  not. 

The  ink  used  for  the  invisible  writing  is  often  an  ammoniacal  solu- 
tion of  silver  nitrate,  which  gradually  darkens  under  the  influence 
of  light.  Fugitive  dyes  have  also  been  used  as  disappearing  inks, 
such  as — f.g.,  quinoline  blue  and  furfur-aniline,  the  solution  of  which 
gives  magenta  writing,  which  soon  fades  away  under  the  influence 
of  sunlight. 

On  the  other  hand,  invisible  inks  have  been  used  in  the  interests 
of  the  law.  On  several  occasions  during  the  last  few  years  certain 
districts  have  been  victimised  by  an  epidemic  of  anonymous  letters. 
When  all  attempts  to  fix  the  writers  have  failed,  stamps  marked  with 
invisible  ink  have  been  supplied  to  suspected  households.  In  two 
separate  instances  the  ruse  has  proved  successful,  and  further  letters 
bearing  the  marked  stamps  have  been  stopped  in  the  post  and  the 
identity  of  the  writers  established. 

During  the  war  the  use  of  sym|>athetic  inks  for  communicating 
valuable  infonnation  to  the  enemy  has  been  the  subject  of  several 
trials,  but  for  the  present  the  writer  is  not  able  to  state  what 
nu't IhmIs  were  nsrd. 

PATENT  SYMPATHETIC  INKS.  Although  sympathetic  inks  are 
usually  regarded  as  only  scientific  toys,  they  have  been  applied  to 
several  practical  purposes,  and  have  been  made  the  subject  of 
different  patents. 

In  the  Eng.  Pat.,  No.  2389  of  X877,  Kromer  describes  a  process  for 
detecting  any  tampering  with  envelopes,  which  consists  in  separating 
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the  two  constituents  of  a  syniputhctic  ink  by  the  adhesive  gum,  to 
tliat  should  steam  be  apphcd  to  open  the  envelope  the  two  substances 
come  in  contact  and  form  an  ink,  leaving  a  stain  upon  the  paper. 
A  similar  device  was  patented  by  Puljord  (£ng.  Pat.,  No.  13565, 
1889). 

Claim  is  made  for  the  use  of  bichromate  solution  in  Eng.  Pat.,  No. 
3657  of  1881,  the  characters  being  made  visible  by  the  action  oflight. 
Quelch  (Kng.  Pat.,  No.  7472  ;  1888)  has  protected  a  method  of 
writing  with  a  saturated  solution  of  potassium  nitrate  on  a  non- 
glazed  surface,  a  part  of  the  writing  being  afterwards  touched  with 
a  red-hot  wire.     Pa|>ers  thus  treated  are  sold  as  toys  for  children. 

A  sympathetic  ink  claimed  by  Jlimly  (Eng.  Pat.,  No.  730,  1887) 
consists  of  a  solution  of  platinum  magnesium  cyanide  with  a  suitable 
medium,  such  as  gum,  gelatin,  dec.  When  exiK>sed  to  damp  air  this 
changes  to  pink,  the  colour  disappearing  on  applying  heat. 

An  invisible  ink  claimed  by  Tschojen  (Eng.  Pat.,  No.  2130  ;  1890) 
consists  of  a  mixture  of  chalk  or  similar  substance  with  water,  which 
is  used  for  writing  on  a  glazed  surface,  the  characters  being  sub- 
sequently dusted  over  with  graphite,  bronze  powder,  Ac.,  to  render 
them  visible. 

Adams  (Eng.  Pat.,  No.  3459,  1896)  has  patented  the  use  of  dilute 
sulphuric  acid  (i  :  17)  as  an  invisible  ink,  the  writing  being  rendered 
pennanently  visible  on  heating  the  pa{)er  so  as  to  bring  about  surface 
carbonisation. 

Another  sympathetic  ink  which  only  becomes  visible  on  heating  the 
paper  is  described  by  Mdller  in  Eng.  Pat.,  No.  21 ,991 ,  1897.  It  con- 
sists of  about  100  parts  of  alum  and  100  parts  of  white  garlic  juice. 
Thp  writing  is  rendered  visible  by  heating  the  paper  and  cannot  be 
removed  by  water. 

In  Krelnchmann's  patent  (No.  6727,  1899)  i>aper  is  treated  with  a 
solution  uf  cobalt  chloride,  and  a  solution  of  rock-salt  used  as  ink. 
On  heating  the  pa{K'r  the  writing  appears  in  pale  green  characters. 
In  order  to  detect  tampering  certain  signs  are  made  on  the  paper 
with  a  solution  of  resorcin  and  paratoluidine,  and  these  on  heating 
change  from  red  or  yellow  and  t>ecome  permanently  black  or  brown. 
In  a  subsequent  patent  (No.  7367,  1900)  Kretschmann  lias  claimed  a 
process  of  treating  paper  with  a  non -hygroscopic  salt  of  cobalt  (such 
as  the  basic  carbonate),  and  writing  on  it  with  a  solution  of  salt  and  a 
substance  such  as  vinegar,  which  will  convert  the  salt  in  the  paper 
into  a  hygroscopic  salt. 

The  Byni|>athetic  process  described  by  Bachem  (Eng.  Pat.,  No.  8976, 
1899)  consists  of  the  use  of  two  substances,  such  as  cobalt  chkMide 
and  magnesium  platino-cyanidc,  in  two  layerx,  one  of  which  beoonica 
vbible  on  heating,  while  the  otJier  simultaneously  disappean. 
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In  tlie  patented  process  of  Garzino  (Eng.  Pat.,  No.  yio8,  1908)  the 
ink  consists  of  an  alkaline  solution  of  potassium  ferrocyanide,  the 
alkali  being  added  to  prevent  the  development  of  Prussian  blue 
from  any  iron  in  the  pajwr.  Graphite  is  added  to  make  the  charac- 
ters visible  at  the  time  of  wTiting,  but  is  subsequently  removed  by 
india-rubber.  The  writing  is  developed  with  solutions  of  iron,  alum, 
and  |)<)tussium  bisulphate,  the  object  of  the  latter  being  to  act  as  a 
mortlant  an<l  prevent  smudging  on  the  application  of  the  iron  salt. 

Examinolion  of  Doatmetits  for  Invisible  Writing.  Apart  from  the 
application  of  heat  and  liglit,  it  is  obvious  that  many  chemical 
reagents  nmst  be  applied  to  discover  the  presence  of  invisible  writing. 
These  are  applied  on  the  end  of  a  feather  to  various  parts  of  the 
document. 

At  the  time  of  writing  (191 5)  it  is  for  obvious  reasons  inadvisable 
to  describe  any  routine  method  of  examination.  For  the  same 
reasons  mcthotls  of  invisible  writing  other  than  those  described  in 
the  first  edition  are  omitted. 

It  is  quite  an  easy  matter  to  ascertain  whether  in  the  case  of 
invisible  writing  done  with  a  cobalt  salt  the  chloride  or  the  nitrate  was 
use<l.  If  a  drop  of  silver  nitrate  be  placed  on  one  of  the  letters  and 
examined  under  the  microscope  an  opalescence  will  gradtially  spread 
through  the  drop  if  chloride  was  present.  Again,  if  a  minute  drop  of 
sulphuric  acid  and  a  few  particles  of  brucine  be  applied  to  another 
letter  a  blood-red  coloration  will  indicate  the  presence  of  a  nitrate. 


riIAI»TKR  XVI. 
INKS  FOR  MISCELLANEOUS  PURPOSES. 

CoKTKNTS. — Ink  powders  and  tablets  :  Logwood  ink  powdcn  :  Anfline 
ink  pmdtrs  :  I'atont  ink  powders  and  dried  inks  :  Stencfl  twfc*  : 
Machine-Doling  ink  :  Show  canl  ink  :  Inki  for  rubber  stamps  :  Inks  for 
typewriters  :  Inks  for  writing  on  glass  :  Hvdrotinoric  ink.-*  :  Kt>«in 

ink-*  :   FcMTt.Mli's    jM-iicil  f.)r  ^'hi>.-i  :  Silicat*-  ink  :  Tnk«  for  writing  OO 

metals  :  Ink  for  writing  on  leather  :  Ink  fw  ivory  sorbuM  :  Ink  for 
writing  on  wood  :  Fveproof  inks. 

Ink  Powders  and  Tablkts. 

Thk  earliest  methods  of  preparing  a  i>owtler  whieh  would  yield  an 
ink  on  the  addition  of  water  consisted  of  mixing  together  the  finely 
powdered  ingredients  of  the  ink.  Thus  Canneparius*  in  1660 
describes  an  ink  powder  containing  equal  parts  of  finely  ]K)wdcre<l 
galls  and  ferrous  sulphate,  with  a  sufficient  <]uantity  of  gum  and 
shellac.  Obviously,  ink  thus  prepared  would  be  very  pale  and  of 
poor  quality. 

A  later  method  was  to  cvaponite  a  good  iron  gall  ink  to  drjness, 
and  to  mix  the  powdered  residue  with  water  as  re(|ulred.  The  dis- 
advantage of  this  process  is  that  the  pigment  is  renilered  insoluble 
by  the  evaporation,  and  that  the  ink  prepared  again  fmm  the  jwwdrr 
contains  particles  suspended  in  water  instead  of  being  in  solution. 
This  objection  also  applies  to  Lcouhmuirs  +  inV  tablets,  which  %»••'■•• 
prepared  in  a  similar  fashion. 

Dielerich  uses  his  oxidised  tannih  <  xii.i<i  i)..  88)  as  the  bu.>i>  i>i 
|)ortable  gall  ink  powders.  • 

LOGWOOD  INK  POWDERS.  An  old  .Vustrian  |mtent  Uken  out 
by  Platz^  X  I'liiinu'd  tin-  iisr  of  a  |)owdered  ink,  consisting  of  \<M^ 
parts  of  logwooii  extract  with  i  part  of  potassium  bichromatr  :iii<l 
10  |)arts  of  so<lium  sulphindigotate. 

Coolry  {Eng.  Pat.,  No.  106,  1867)  made  claim  for  ink  powcUr* 
yielding  ink  of  different  shades  and  containing  logwwKi  cxtrart  or 
ha;matoxylin  with  various  salts.  Thus  powdered  iogwiKwl  rxtnict 
with  potassium  chronuite  and  bichromate  yields  Inks  of  different 
■hades  of  brown  whilst  by  adding  potassium  carbonate  to  the 
chromate  a  rich  blue-black  ink  i^  prfulnrrfl.  \hv  roKmr  hrini:  fiirthrr 

•  De  AtramfmU*,  1660,  p.  273. 

t  tMngUr't  polifl,  Joum.,  1856,  cxiii.  440.  j  ibtd.,  1859,  i  i  %     i 
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modified  by  the  addition  of  alum.  The  use  of  copper  acetate  in  place 
of  alum  j^ives  a  bluc-hlack  shade  ;  while  by  using  tin  chloride,  chrome 
alum  or  nianganese  sul|)liate  in  place  of  potassium  chromate  various 
shades  of  purple  are  produced. 

Dietericfi  *  gives  the  following  directions  for  making  logwood  ink 
jM)wders  : 

lifd  Logxcood  Ink.  Logwood  extract,  loo  ;  aluminium  sulphate, 
40  ;  potassium  oxalate,  40  ;  potassium  bichronuite,  3  :  niul  'salicylic 
acid,  1.3  parts,  in  i  litre  of  water. 

Violft  iMgtcood  Ink.  Ix>gwood  extract,  100  ;  aluminiiun  sulphate, 
40  ;  potassium  oxiilate,  60  ;  potassium  bisulphate,  10  ;  potassium 
chruiiiafr,  5  :   5>'id  salicylic  acid,  1.3  parts. 

ANILINE  INK  POWDERS.  Owing  to  the  readiness  with  which 
they  dissolve  in  water,  certain  aniline  dye-stufTs  are  particularly 
suitable  for  the  purjwse  of  ink  powders. 

V'iedt  in  1873  reconmiended  the  use  of  nigrosine,  which  was  to  be 
dissolved  before  use  in  80  parts  of  water  ;  and  since  then  aniline  dye- 
stuffs  have  formed  the  basis  of  numerous  English  patents  {vide  infra). 
Dieierich  (loc.  cit.)  has  also  described  ink  powders  of  different 
colours  prepared  from  aniline  dye-stuffs  : 

Black  Ink  Powder.  Aniline  green  D.,  9  ;  Ponceau  R.R.,  8.0  ; 
phenol  blue,  i. 

Red  Ink  Powder.     Ponceau  red,  R.R. 
Green  Ink  Pmcder.     Aniline  green. 

Violet  Ink  Powder.     Phenol  blue,  1.3  ;   Ponceau  R.R..  2.0  parts. 
Blue-green.     Phenol  blue,  1.5  ;   Aniline  green,  2.3  parts. 
F^or  copying  ink  jwwders  greater  proportions  of  colouring  matters 
to  water  must  be  used  and  sugar  added,  e.g.  : 

Violet  Copying  Ink  Powder.  Methyl  violet,  20  ;  sugar,  10  ;  and 
oxalic  acid,  2  parts. 

Red  Copying  Ink  Powder.     Eosine,  1 3  ;  and  sugar,  30  parts. 
Blue  Copying  Ink  Powder.     Resorcin  blue,  3  ;    sugar,  20  ;    and 
oxalic  acid,  i  .0  |)arts. 

PATENT  INK  POWDERS  AND  DRIED  INKS.  The  earliest  patent 
for  an  ink  powder  was  taken  out  by  Ilolniaii  in  1668  (No.  238),  but  no 
details  of  the  method  of  preparing  the  substance  are  given.  After 
that  date  no  patent  seems  to  have  been  applied  for  until  1867,  when 
<  'f>i,lrtf  (Kng.  Pat.,  No.  io6)  claimed  the  use  of  various  dr>'  extracts  of 
<i\<  ■<tuffs  and  salts,  such  as  extract  of  Brazil  wood  with  salts  of  tin, 
alum,  tartnite,  alkali  or  acid  ;  Prussian  blue,  soluble  indigo  with  suit- 
able mordant  ;  sap  green,  with  or  without  alum  ;  saffron  with  alkali 
carbonate  ;  extract  of  French  berries  with  alum  ;  and  powdered 
galls  or  pyrogallol  or  a  mixture  of  these  with  ferrous  sulphate. 

•  loe.  dt. 
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Bufonfa  Ink  Powder  (Eng.  Pat.,  No.  974,  1876)  contained  log- 
wood extract,  indigo  sulphate,  and  ferrous  sulphate. 

In  1878  Jacobsohn  (Eng.  Pat.,  No.  1586,  Prav.)  described  an  ink 
powder  for  copying,  which  consisted  of  a  solution  of  an  aniline  dye- 
stuff,  with  sugar,  gum  arabic,  and  glucose  cvi(|)orate<l  to  <ir>nefts. 

Payne's  tablet  for  inking  rubber  stamps  (Kng.  Put.,  No.  3179, 
1 880)  consists  of  glycerin,  gelatin,  or  other  glutinous  substance, 
with  an  aniline  or  other  dye-stuff.  An  ink  in  dry  form  protected  by 
Ashton  (Kng.  Pat.,  No.  14,388,  1889)  is  prepared  by  drying  a  solution 
of  a  soluble  colouring  containing  gum,  &c.,  on  w(K)d  shaving,  gelatin, 
Ac. ;  and  similar  patents  were  gmntcd  to  Sienstadl  and  Goldmark  in 
1894  for  the  process  of  coating  granules  of  non-porous  material  with 
a  pigment  and  binding  material  (Nos.  3236  and  5078).  The  ink 
claimed  by  Spencer  (Kng.  Pat.,  No.  21,830,  1897)  consists  of  an 
aniline  dye-stuff  mixed  with  sodium  bicarbonate  and  a  dr>'  acid,  the 
object  of  the  latter  being  to  cause  effervescence  and  thus  distribute 
the  pigment  through  the  water. 

Stencil  Inks. 

Inks  intended  for  use  with  stencil  plates  require  to  be  fairly  fluid, 
and  to  yield  characters  which  dry  rapidly,  and  are  not  easily  efface<l. 

Blue  Stencil  Ink.  A  mixture  of  2  parts  of  shellac  and  2  parts  of 
borax  is  boiled  with  water  (say  25  parts),  and  the  solution  mixed  with 
a  suflieient  quantity  of  ultramarine  to  give  the  desired  ctilour. 

Black  Stencil  Inks,  (i)  The  shellac  and  borax  solution  described 
above  is  mixed  with  a  suitable  proportion  of  lamp-black  or  nigro- 
sine  instead  of  ultramarine. 

(ii)  A  mixture  of  2  parts  of  manganese  sulphate  with  i  part  of 
lamp-black  and  4  parts  of  sugar  is  ground  to  a  |)aste  with  a  small 
quantity  of  water,  and  a  little  gum  arabic  added  to  give  consistency. 

SHOW  CARD  INK.  An  ink  of  similar  character  to  the  preceding 
inks  has  been  recommended  for  marking  show  cards  and  tickets  for 
shop  windows.  It  consists  of  16  parts  of  asphaltum,  18  parts  of 
Venice  turpentine,  4  parts  of  lamp-black,  and  40  parts  of  tur|)cntine 
oil,  thoroughly  mixed  together. 

Machine  Ruuno  Ink. 

The  inks  in  machines  for  ruling  lines  are  of  semi-soh<i  eon-isi,  in  \ 
and  usually  c(mtain  ox-gall.  A  method  of  preparing  the  ink  lii-^  b.  <  n 
patented  by  S.  and  R.  Bezzant  (Eng.  Pat.,  No.  8f»8S,  it>t)S).  Tlu- 
raw  ox-gall  is  heated  to  220°  F..  8  grms.  of  glycerin  jht  pint  adde<l. 
the  solution  l>eaten  with  8  grms.  of  gelatin  at  1      and,  after  the 

addition  of  ink-|)owder,  cooled  to  a  jelly. 
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Inks  for  Kuddkr  Stami^s. 

Many  of  the  inks  used  with  rubber  stamps  consist  of  an  aniline  dye- 
stuff  in  a  suitable  fluid  medium. 

Black  Ink.  This  can  be  prepared  from  aniline  black  },  alcohol  15, 
and  glycerin  15  parts.  It  is  pwured  upon  the  cushion  of  the  stamp, 
and  rubbed  with  a  brush. 

Blue  Ink.  Soluble  aniline  blue,  3  ;  distilled  water,  10  ;  acetic 
acid,  10  ;  alcohol,  lo  ;  and  glycerin,  70  {)arts.  The  blue  is  mixed 
with  the  water  in  a  mortar,  the  glycerin  then  gradually  added,  and 
lastly  the  other  ingredients. 

Inks  of  other  colours  are  prepared  in  the  same  vray,  other  dye- 
stuffs  being  used  in  place  of  the  blue.  For  example,  methyl  violet, 
3  parts  ;  fuchsine,  z  parts  ;  methyl  green,  4  parts  ;  nigrosine  (blue 
black),  4  parts.  Sec. 

A  bright  red  ink  can  be  obtained  by  using  cosine,  but  in  this  case 
the  acetic  acid  must  be  omitted. 

Reissig's  Cancelling  Ink.  An  indelible  ink  intended  for  use  with 
rubber  stamps  has  been  devised  by  Reissig.  It  consists  of  the  follow- 
ing ingredients:  linseed  oil  varnish.  16;  fine  lamp-black,  6;  and 
ferric  chloride,  2  to  5  parts.  This  ink  must  not  be  used  with  metal 
stamps. 

Beyer  (Ger.  Pat.,  No.  224,637,  1910)  claims  the  use  of  pigments 
obtained  by  the  action  of  aldehydes,  and  especially  formaldehyde,  on 
ammonium  ammonium  oxyferrigallate  or  analogous  compounds 
(sec  p.  69).  The  insoluble  precipitates  are  washed,  dried,  and 
ground  up  with  oil  and  glycerin  or  with  aqueous  solutions  of  shellac 
to  form  inks  for  stamping  pads,  waterproof  drawing  inks,  &c.  By 
the  action  of  ketones  and  especially  acetone,  colouring  matters 
soluble  in  water  and  suitable  for  inking  ribbons,  stamp-pads,  &c.,  are 
obtained  (Ger.  Pat..  No.  220,467,  1910). 

INKS  FOR  TYPEWRITERS.  The  method  of  inking  used  in  most 
tyfjewriting  machines  is  to  draw  a  ribbon  saturated  with  the  ink 
between  the  type  face  and  the  paper,  whereby,  when  a  key  is  struck, 
the  pressure  conveys  a  certain  amount  of  the  pigment  to  the 
paper. 

In  some  machines,  however,  the  tj'pes  are  inked  upon  a  pad  before 
being  brought  into  contact  with  the  paper. 

>Vhichever  method  be  employed  the  requirements  of  the  ink  are 
substantially  the  same.  It  must  be  sufficiently  concentrated  not 
to  be  rapidly  exhausted  in  use,  and  it  must  remain  permanently  fluid 
when  distributed  through  the  ribbon  or  in  the  pad. 

The  pigments  commonly  used  for  the  inks  are  strong  solutions  of 
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aniline  dye-stuffs  in  spirit  or  water,  and  glycerin  is  added  to  prevent 
the  ink  from  drj'ing. 

Methyl  violet  or  methylene  blue  are  frequently  employed  for  the 
purpose,  but  any  other  soluble  dye  of  sufficient  intensity  can  be  used. 
In  the  case  of  nigrosinc  care  must  be  taken  to  have  the  powder 
perfectly  distributed  through  the  medium,  since  it  does  not  dissolve 
like  methyl  violet.  Hence,  Induline  blues,  which  are  readily  soluble, 
are  sometimes  used  in  the  preparation  of  a  very  dark  blue  ink,  which 
appears  blue-black  upon  the  paper. 

In  the  preparation  of  the  ink  Schxceitzer  ♦  recommends  the  following 
nifthotl.  Al>out  loo  grammes  of  the  dye  are  gently  heated  with  a 
mixture  in  equal  parts  of  glycerin  and  water  (sjiy,  about  loo  grms.) 
imtil  completely  dissolved.  It  is  then  cooled,  and  if  any  dye-stuflT 
crystallises,  more  of  the  diluted  glycerin  is  added  and  the  mixture 
again  heated.  This  process  is  continued  until  a  cold  saturated 
solution  of  the  colouring  matter  is  obtained. 

If  the  ink,  when  distributed  through  the  silk  ribbon,  gives  im- 
pressions that  are  too  faint,  it  contains  to  olittle  glycerin.  On  the 
other  hand,  blurred  or  smudged  impressions  indicate  the  presence 
of  too  much  glycerin. 

Dirty,  gritty  impressions  or  irregular  distribution  >i  tin  [.i:_'in.  nt 
are  due  to  the  dye-stuff  not  having  been  completely  ilisMjlvrd. 

As  a  rule  typing  inks  are  far  less  {)ermancnt  than  iron-gall  inks, 
but  there  are  some  on  the  market  which  contain  carbon  pigments  and 
will  resist  the  action  of  any  chemical  agent. 

CARBON  PAPERS.  For  taking  copies  of  letters  on  a  ty|>ewTiter, 
one  or  inort-  ciirboii  pajHTs  are  used.  These  consist  of  a  tough  unsized 
pajwr  coated  on  one  side  with  typing  ink.  The  inked  side  is  placed 
over  the  paper  to  receive  the  copy,  while  the  blank  side  is  below  the 
surface  of  the  pa|)cr  on  which  the  original  impression  is  to  be  made. 
The  force  of  the  blow  then  conveys  pigment  from  the  ribbon  or 
pad  to  the  top  sheet,  and  also  from  the  carlmn  |>a|>er  to  the  second 
sheet.  In  this  way  it  is  possible  to  make  several  copies  at  a  time, 
although  when  more  than  two  are  made  there  is  some  mechanical 
strain  on  the  machine. 

The  inks  usetl  for  the  pa|>ers  arc  made  as  described  above.  Some 
manufacturers  add  a  snuill  <|uantity  of  an  oil,  preferably  castor  oil. 
to  the  ink,  es|>ccially  when  a  spirit -soluble  dye  is  used,  but  the 
amount  should  not  exceed  about  3  per  cent.,  or  an  impression  from 
the  pa|>er  will  be  greasy. 

In  Carter's  patent  (Kng.  Pat.,  No.  2^.195,  1903)  oil  and  glycerin 
arc  added  to  printing  ink  to  fonu  a  backing  for  the  sheets  of  ty|>e- 

*  Tht  DittillatioH  of  Rttitu,  chsp.  xrii,  (Inks  for  Typevriting  M*chinc«), 
p.  176. 
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writing  mactiiiirs.     In  this  way  absorption  of  wax  from  the  stencil 
sheets  is  prevented. 

Inks  for  Writing  on  Glass. 

HYDROFLUORIC  INKS.  One  of  the  simplest  fluids  used  for 
iiiurking  ^lass  is  a  dihite  sohttion  uf  hydrofhiorie  acid,  which  reacts 
with  the  silica  in  the  glass,  forming  a  permanent  etching. 

The  objections  to  the  use  of  free  hydrofluoric  acid  are  that  it  is 
unpleasant  to  handle,  and  that  it  must  be  kept  in  a  bottle  com- 
posed of  material — e^.,  gutta-jxrrcha — U{)on  which  ^it  does  not  act. 

It  is  far  better  to  use  a  solution  of  a  fluoride  which  is  only  mixed 
with  an  acid  solution  when  required,  as  in  the  case  of  the  following 
preparation  : 

Solution  I. — Sodium  fluoride,  36  parts  ;  potassium  sulphate, 
7  parts  ;  distilled  water,  500  parts. 

Solution  II. — Zinc  chloride,  14  parts ;  hydrochloric  acid,  65 
parts  ;  water,  500  parts. 

Equal  parts  of  the  two  solutions  are  mixed,  and  the  writing 
done  with  a  clean  quill  pen.  The  etching  in  the  glass  appears  after 
about  thirty  minutes. 

RESIN  INKS.  An  ink  which  gives  writing  not  removed  from  glass 
by  water  is  prepared  by  mixing  together  the  following  substances  : 
Turpentine,  15;  shellac,  10;  Venice  turpentine,  3  ;  and  lamp- 
black, 3  parts. 

Another  formula  for  a  fluid  for  writing  on  glass  is  as  follows : 
Resin,  20;  alcohol,  150;  borax,  33;  methylene  blue,  i;  and 
water,  250  parts. 

SILICATE  INK.  An  ink  for  writing  on  smooth  surfaces  such  as 
metal  or  ^lass  lias  been  patented  by  Rosenhain  (Eng.  Pat.,  No. 
26,951,  1903).  It  consists  of  a  mixture  of  a  strong  solution  of  a 
silicate  of  potassium  or  sodium  (soluble  glass)  with  dilute  sodium  or 
potassium  aluminate,  and  a  suitable  pigment,  with  or  without  the 
addition  of  sodium  bicarbonate.  This  ink  resists  the  action  of 
mechanical  abrasion  and  cold  chemicals,  but  is  removable  by  hot 
concentrated  alkaline  solutions. 

FOERTSCHS  PENCIL  FOR  GLASS.  Eight  parts  of  white  wax 
are  fused  with  z  parts  of  talluw,  and  a  pigment  such  as  lamp-black  or 
Prussian  blue  stirred  in  while  the  mixture  cools.  When  nearly  cold, 
it  is  rolled  into  pencil  form  on  a  slab,  and  covered  with  a  paper 
case. 

Inks  for  Writino  on  Metals. 

Jnk^  fur  MeUils  in  General.  A  black  ink  which  can  be  used  for 
writing  on  clean  metallic  surfaces  is  obtained  by  fusing  5  parts  of 
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copal,  then  cautiously  adding  6  parta  of  turpentine  oil,  little  by 
little,  and  finally  stirring  i  part  of  lamp-black  into  the  mixture. 

For  a  red  ink  ^  part  of  cinnabar  is  used  in  place  of  the  lamp-black, 
while  inks  of  other  colours  can  be  prepared  by  the  use  of  suitable 
pro|>ortions  of  pigments,  such  as  Prussian  blue,  aniline  dye-stuffs,  Ac. 

These  inks  should  be  thinned  with  turpentine  oil  to  the  required 
degree  of  consistency. 

Ink  for  Zinc  Labels.  An  ink  intended  for  writing  on  the  zinc  labels 
attached  to  plants  was  devised  by  Puscher*  It  consists  of  i  part  of 
potassium  chlorate  and  i  part  of  copper  sulphate,  dissolved  in  i8 
parts  of  water,  and  thickened  with  a  little  gum  arabic.  The  writing  is 
black,  and  will  resist  a  fairly  high  tempeniture. 

A  blue  ink  for  the  same  purpose  is  obtained  by  dissolving  60  parts  of 
potassium  chloride  and  120  parts  of  copper  sulphate  in  1400  parts  of 
water,  and  mixing  the  solution  with  a  solution  containing  i  part  of 
soluble  aniline  blue,  and  100  parts  of  dilute  accticacidin  400  parts  of 
water. 

Black  Ink  for  Iron,  Zinc,  or  Brass.  A  dull  black  writing  is  pro- 
duced on  these  metals  by  an  ink  of  the  following  composition  :  Copper 
sulphate,  5  ;  dilute  (5  per  cent.)  acetic  acid,  i  ;  gum,  z  :  and  Inmp- 
black  I  part,  mixed  with  5  parts  of  water. 

Ink  for  Copper  or  Tin.  For  these  metals  the  ink  described  in  the 
preceding  parngraph  must  be  mo<lifted  thus  :  Copper  sulphate,  5 
parts  ;  ammonium  chloride,  3  parts  ;  hydrochloric  acid,  3  parts  ; 
gum,  2  parts  ;  and  lamp-black  i  part,  in  5  parts  of  water. 

Ink  for  Silver.  Yellowish-brown  characters  are  produced  on  silver 
by  a  7  per  cent,  solution  of  the  double  chloride  of  gold  and  soilium, 
and  the  colour  is  changed  to  black  on  exposure  to  the  action  of  light. 
A  solution  of  platinum  chloride  can  also  be  employed  as  a  black  ink  for 
writing  on  silver. 

Inks  for  Writing  on  Leather. 

The  leatiier  is  first  treated  with  a  10  i>er  cent,  solution  of  galio- 
tannic  acid,  containing  i  per  cent,  of  gimi  arabic.  and  then  dried.  It 
can  then  be  written  on  with  an  iron  ink  of  the  following  com|)osition  : 
Ferrous  sulphate,  2  ;  gum,  3  ;  and  water  20  parts,  to  which  a  little 
indigo  carmine  is  added  to  give  a  tem|M)rary  colour,  pending  the 
formation  of  the  iron  gjillotannatc  in  the  leather. 

Ink  for  Ivory  Surfacks. 

Lehnerf  reoommcnds  the  use  of  solutions  of  silver  nitrate  ranging 
in  strength  fW)m  10  to  i  |>er  cent.,  according  to  the  depth  of  tint 

•   Wagn^r'it  Jahrtther.,  1873,  xix.  iof». 
t  Dit  Tinttm  Fabrikatiom,  p.  23^ 
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required.  The  ivory  is  prepared  by  being  immersed  in  a  strung 
solution  of  ammonia,  and  washed  with  water.  The  writing  may  be 
toned  to  a  brown  colour  by  treatment  with  a  i  per  cent,  solution  of 
sodium  gold  chloride,  and  fixed  in  a  lo  per  cent,  solution  of  sodium 
thiosulphatc  (hy})o). 

An  ink  suiUible  for  writing  on  ivory  or  waxed  paper  is  claimed 
by  OstwaUi  {Get.  Pat.,  No.  218,531,  1908).  A  small  addition  of  a 
volatile  organic  compound  soluble  in  water  and  containing  not  less 
than  four  atoms  of  carbon  in  its  molecules  is  added  to  the  ink.  For 
example,  up  to  one  per  cent,  of  valeric  or  caproic  acid  is  added  to  an 
acid  w^riting  ink. 

Ikk  for  Wbitino  on  Wood,* 

The  surface  of _  the  wood  is  repeatedly  brushed  with  a  boiling 
solution  of  gelatin,  and  then  sponged  with  a  mordant  containing 
10  parts  of  alum,  2  parts  of  hydrochloric  acid,  and  10  parts  of  tin 
chloride  in  50  parts  of  water.  Writing  of  different  colours  may  then 
be  done  on  this  prepared  surface  with  solutions  of  various  pigments, 
such  as  cochineal  (red),  decoction  of  Persian  berries  (yellow),  decoc- 
tion of  anacardium  seeds  (black),  potassium  permanganate  (brown), 
decoction  of  logwood  (blue),  &c. 

FiREPBOOF  Inks. 

Numerous  inks  have  been  described  which,  when  used  with  a 
specially  prepared  paper,  produce  writing  that  resists  the  action  of 
fire.  S|>eaking  generally,  these  contain  some  incombustible  material, 
such  as  graphite  or  a  metallic  compound,  which  leaves  a  residue  of 
oxide  or  metal  when  heated,  and  are  used  with  a  paper  containing 
more  or  less  asbestos  fibre. 

The  use  of  such  paper  with  a  plumbago  ink  was  claimed  by  Half- 
penny in  1873  (Eng.  Pat.,  No.  262),  whilst //«/a//(Eng.  Pat.,  No.  3684, 
1873)  also  claimed  the  addition  of  asbestos  to  the  raw  material  of 
paper. 

In  1881  MeiM  patented  (Eng.  Pat.,  No.  3410)  fireproof  inks  for 
writing  or  printing  on  paper  containing  asbestos  and  wood  fibre. 
These  inks  contained  5  or  10  per  cent,  of  platinum  chloride. 

Meihfs  Writing  Ink.  Platinum  chloride,  5  ;  lavender  oil,  15  ; 
Indian  ink,  13  ;  gum  arable,  i  ;  and  water,  64  parts. 

Fireproof  Graphite  Ink.  Graphite,  85  ;  copal  varnish,  0.08  ; 
ferrous  sulphate,  7.5  ;  and  tincture  of  galls  30  parts,  withsuflicient 
indigo  carmine  to  give  the  required  bluish  colour. 

*  Die  Tinten  Fabrikation,  p.  328. 
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FirejncH}/  Paper.     Wotxi  flbre,  i  part ;  asbestos,  2  parts  ;  borax. 

0.1  part  ;   iuxl  alnrn.  (>._'  fnirt. 
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D6pierre. 

Wood. 

C.  and  G. 

Swann. 

Cnderwood. 


Subject-matter. 


Powder  for  black  ink.     To  be  mixed 

with  water,  beer.  Ace 
Composition    for    writing     on    ekins, 

paper,  kc. 
Making  ink  into  a  cake  or  solid. 
Copying  presses  and  ink. 
Permanent  writing  ink. 

Ink   from   chestnut   wood    ("  damaja- 

vag  "). 
Indelible    safety    jMiper    (impregnated 

with  MnCL,  and  K^FeCCN),). 
Colours  rendered  applicable  to  writing. 
Indelible  ink.     Carbon  in  solution  of 

resinous  soap. 
Indelible  ink.     Lamp-black  in  linseed 

oil,  iic. 
Writing  inks. 
Indelible  ink.     Gas-black,  indigo  and 

Prussian  blue  in  gall  and  logwood  ink. 
Compottition  of  ink. 
Writing  riuid-s. 
Indelible  ink.     Soluble  Prussian  blue 

in  gall  ink. 
Also  red  ink,  marking  inks,  and  print- 
ing inks. 
Ink  from  decoction  of  alder  flowers 

and  iron  salt 
Lake  of  alum  and  cochineal  dissolved 

in  ammonia  S4>lution. 
Writing  and  copying   ink.      Chrome 

logwood  ink. 
Copying  paper.    Writing  with  logwood 

decoction,     and     moistening     with 

K,CrO«  solution  before  copying. 

^9 
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Date. 

Ho. 

Nana. 

Bubject-matter. 

1858 

I132 

Henry. 

Copying  ink.     Adilition  of  glycerin. 

1858 

1996 

Winatone. 

Com-ing    ink.      Addition  of  glyoerin. 
Safety  paper.    Paper  impr^n>*t«d  with 

1859 

861 

Ballande. 

metallic  salt.    Ink,  a  solutloa  •oting 

upon  the  salt 

1859 

1744 

Scoff  em. 

Ink.  A  solution  of  animal  or  veget- 
able fibre  in  "oopperised"  am* 
roonla. 

Safety  ink  and  paper.  On  lines  of  pat. 
of  1859. 

Indelible  ink.     Plumbago  with  resin. 

i860 

388 

Ballande. 

i860 

534 

Melville. 

gum,  kc,  alum,  and  a  suitable  colour- 

inK-matt«r. 

1861 

2972 

Stevens 

Indelible  anti-corrosive  ink.     Aniline 

(Croc.). 

dyes  used  with  carbon. 

1862 

67s 

Clark 
(Annaud). 

Inks  from  aniline  d]e8. 

1862 

1213 

Roberts. 

Copying  ink.     Use  of  Xycain,  mol- 
asses, and  extract  of  albemmek  seeds. 

1862 

2235 

De  la  Rue. 

Writing  inks  from  aniline  waste,  ftc. 

1863 

1418 

Friederich. 

Ink  from  logwood  and  potassium  bi- 
chromate and  ferrocynnide. 

1863 

1819 

Goold. 

Alkaline  tannate  or  lo^rwood  solution 
treated  with  metallic  iron.     {Pror.) 

1864 

2223 

Baildon. 

Safety  ink  and  paper.    Colour  of  paper 
changed  by  acid  in  the  ink. 

1864 

2506 

Newton. 

Method  of  oxidising  ink.     (/V#r.) 

1865 

836 

Newton. 

Do.          do.         do. 

1865 

2267 

Ellis. 

Indelible  inks.    Colouring-matters  pre* 
cipitated  by  silicic  acid  and  disaofved 

in  a  soluble  silicate  solution. 

1867 

106 

CooK-y. 

Ink  powders.     Prepared  by  extrsots  of 
dye-stuffs  with  metallic  salts,  Ito. 

1868 

2163 

Cooke. 

Copying  ink.     Addition  of  gljroerin. 
Copying  ink.      As  in  the   patmt  of 

1869 

47 

Cooke, 

1868. 

1870 

1863 

PInkney. 

Ink  from  aniline  salts  with  oxidising 
agent  and  metallic  salt,   of  which 
nickel  is  specially  claimed. 

187 1 

»745 

Pinkney. 

Ink  from  aniline  salt,  oxidisinc  agent, 
and  uranium  or  vanadium  salL 

1873 

258 

(iutvnRohn. 

Ink  from  tin  waste. 

•873 

262 

Hnlf|)enny. 

Incombustible  ink  and  paper.  Addi> 
tion  of  asbestos  to  paper.  Plombago 
ink. 

Oxidising  gall  ink  bv  air  current. 

Prevention  of  depoaits  in  ink  by  addi- 

1873 

IQ82 

Carter. 

•873 

3814 

Teysonniftrea. 

tion  of  oxalic  acid  or.oxalate^ 
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IMt«. 

No. 

Kamck 

6ub)rctm«ttcr. 

1873 

3684 

Hyatt. 

looombastible  paper  and  ink.    Addi- 
tion (tfaabeatoa. 

1874 

1078 

de  Zuoeato. 

"  Papyrographic  "  [copying  ]  ink.  Paper 
Ooatcd  with  rarninh. '  Ink,  a  solution 
of    cauatic    alkali    with    colouring 
matter. 

1874 

1839 

Gaffard. 

Indelible  ink.     Carbon  in  solution  of 
alkali  silicate. 

1874 

3009 

Ink  obtained  by  oxidising  H,S04  solu- 
tion of  aniline. 

1874 

2939 

Mitscherlich. 

Tannin  for  ink  extracted  by  heating 
the    gubetance   containing    it    with 
sulphurous  acid  under  pressure. 

1874 

3»SO 

de  ZucoUo. 

ImproTements  in  Patent   No.  1078  of 
1874. 

1874 

4090 

PeUt. 

Copying-ink  pencil.     Aniline  dye  with 
plumbago    and    adhesive    material. 
iPrar.) 

1874 

44«i 

Knab. 

Black  for  ink  obtained  by  heating  gas- 
tar  with  lime  in  a  retort. 

1875 

1620 

Qrawitx. 

Manufacture  of  aniline  black. 

1875 

4484 

Joly, 

Ink  prepared  bjt  action  of  tungstic  acid 
on   colouring  matters   (e.g.,   of  log- 
wood, elderberry,  Ac.). 

1876 

974 

Byford. 

Dry  copying  ink  powder. 

1876 

4820 

Plateau. 

Portable     ink.      Absorbent     material 
saturated  with  aniline  dye,  kc. 

1877 

2389 

Kromer. 

Sympathetic    ink.      Dry    Unnin    and 
anhydrous    ferrous    sulphate    made 

into  paste  with  benzene  and  varnish. 

1878 

IS86 

Jacobaohn. 

Copying    ink    powder.      Solution    of 
aniline  dye,  sugar,  gum,  &c.,  evapor- 
ated to  dryness. 

1878 

2636 

Richmond. 

Indelible  ink,  containing  aniline  black, 
and  also  the  substance  for  forming 
aniline  black. 

1878 

4606 

Kwarwr  and 

Copying  ink.    Aniline  colour  in  alcohol 
and  water. 

1878 

5122 

HickiawHi. 

Ink  from  vanadium  or  its  salts  with 
oxidising  agent  to  form  a  mordant 
(pref.  salt  of  nickel  or  copper). 

1879 

526 

Fargue. 

Ink  attached  to  cavity  of  pen  by  ad- 
hesive material. 

1879 

2256 

Bowfeld 

Copying  apparatus  (gelatin)  and  aniline 

init 

1879 

339  > 

Jefleries. 

Aniline  inks. 

1879 

3499 

Taylor. 

Formation   of  aniline  black  [also  as 
marking  ink].    {Pror.) 

1879 

4187 

Hardt. 

Aniline  and  metallic  inks  for  copying 
apparatus. 
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DMe. 

Na 

Nmba. 

Bnt^Ject-nuiter. 

1880 

2606 

Bergel. 

Marking  fluid  for  paper  ailhoueUcs 
[KNO,  itolution].    (I'rur.) 

t88i 

741 

Stoddftrt. 

Manufacture  of  ink  from  spent  Un 
li(|U(ir». 

18S1 

963 

Oriinwald. 

Dry  cc'pyinp  it>k.  [rranium  ac«t«t«, 
Hugnr,  glycerin  with  logwood  extract 
and  niuni.or  aniline  colour].   (Pror.) 

1881 

1002 

IVieotinan  and 

Ink  from  waste  tan  liquor  and  iron 

Longiihaw. 

wdt».     (I*ror.) 

1881 

2948 

8chmiU. 

Copying  apparatus.  Gelatin  with 
glycerin  and  chrome  alum.  Ink 
which  contains  uranium  salt  and 
colour  {e^.,  indigo),  acts  chemically 
on  substance  in  th«  jelly. 

1881 

3410 

Meih6. 

Fireproof  ink.  Writing  or  printing 
with  ink  containing  platinum  chlo* 
ride  on  paper  containing  asbestos. 

1881 

3605 

Ourney. 

Ink  from  s{tent  tan  liquor  and  iron 
tilings. 

1881 

3657 

Sachs. 

Senisitive  ink  for  tracing  designs.  Ac- 
tion uf  light  on  bichromate. 

1882 

728 

Reituiig. 

Indelible  ink.  Printing  ink  incorpor- 
ated  with  ferrous  and  ferric  salt*, 
and  thinned  with  turpentine,  kc 
iPror.) 

1882 

3083 

Detmold. 

Aniline  or  gall  inks,'containing  alcohol, 
spirit  of  camphor,  A:c.  I>ryinf  in- 
stantly on  contact  with  the  paper. 

1883 

859 

Fonseca  k 

Imlelibii' ink.    Logwood  ex tnct,  sugar, 

Co. 

aniline  black  and  soot 

1883 

3600 

Buitnn. 

Non-smearing  copying  ink.  Addition 
of  ginger  and  gum  arabio  to  iron 
gall  ink.     {Pror) 

1884 

7160 

Friend. 

Papyrographio  ink.  Iron,  tannic  acid 
and  gljcerin. 

1885 

440 

Armour. 

Ink  removable  by  washing. 

1885 

8241 

Frusher. 

Ink  from  waste   logwood,  and  pota»> 

sium  bichromate  uf  d]r«iof  vmts. 
Indelible  ink   from  CMrbonUMd  augar 

1885 

9249 

Wasx. 

scum. 

1886 

3'79 

ravn«. 

Ink  tablet  for  inking  rubber  atampa. 

1887 

730 

Himly. 

Sympathetic  ink.  Magnesium  platino- 
cvanide. 

1887 

15.079 

Hackney. 

Addition  of  CaCl,  to  inlt  to  pnveni 
drying.  IMotting  mper  containing 
sodium  sulphate  or  Dorate  to  daoom* 

poM  the  OaCI»  ao  that  the  writing 

can  dry. 

1887 

«7.9»S 

Oroth. 

Indelible  ink.     Black  compound  from 

aniline  in  suiuble  medion. 
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1 

Name. 

Sabjrrt  OMtU-r. 

i8S8 

648 

IMmitry. 

Boiution  of  aniline  colour  with  gelatin 
and  potaaiiam  bichrooiate.  Expoeed 
to  sun. 

x88S 

7M9 

Smith. 

Manifold  copjing  ink  (aniline  in  water, 
HCl  and  alcohol),  used  with  slab  of 
china  clay,  Htarch,  glycerin,  and 
water. 

1888 

7472 

Qtiekh. 

lDvti«ible  ink.  Writing  with  aolutioa 
of  KNO,  or  KCl  on  non-glased  aor' 
face,  and  applying  hot  wire. 

1S89 

2360 

Brasier  and 

Writing  ink  coiii|to8«d  of  alkaline  ex- 

KdowIw. 

tract  of  fibrous  plant,  Bauhimia 
Vaklii. 

1889 

8971 

Mills. 

Sanitary  ink.  Addition  of  an  anti- 
septic agent 

1889 

14,388 

Aahton. 

Dry  inks.  Soluble  colours  with  gum, 
kc.,  dried  on  wood,  shavings,  &c. 

1889 

15,565 

Pulfcrd. 

Inrisible  ink  for  envelopes.  Uranium 
acetate  and  |>otassiun>  ferrocyanide 
with  white  lead  applied  with  litho- 
graphic varnish.  Steam  brings  about 
reaction. 

1890 

20II 

Conrad  and 

Copying  ink.     Addition  of  indigo  car- 

Liiley. 

mine  and  aniline  black  with  glycerin 
and  magnesium  chloride  to  an  iron 
gall  ink. 

1890 

2130 

Techofen. 

Invisible  ink.  Writing  on  smooth  sur- 
face with  chalk  water  and  dusting 
letters  with  powder,  e.g..  graphite. 

1890 

10401 

Conrad. 

Copying  ink.  Addition  of  deliquescent 
salts  (e.g.,  ammonium  nitrate),  and 
glycerin.                                                  ( 

1890 

10,905 

Piffard. 

Copying  paper.      Paper  treated  with  J 
gallic  acid — iron  ink.    No  press  re*  ^ 
quired. 

1890 

15^857 

Higgins. 

Ink  for  stamps.  Oleic  acid  and  dye- 
stuff,  e.g.,  methyl  violet 

1890 

15,858 

Higgint. 

Idem.  Solution  of  aniline  colour  in 
euential  oil. 

X890 

«6J57 

Jiwt,  Weiler. 

Safety  ink.     Carbon  black,  vanadium 

and 

compounds,  galls,  kc. 

Heidepriem. 

1890 

17.373 

B«alea. 

Copjring  ink  and  prepared  paper.  No 
damping  paper  re<]uire<i. 

1891 

1616 

Leech  and 

Indelible  ink.      Turpentine,    asphalti 

Harrobio. 

resin,  alum,  beeswax  and  colour. 

1891 

3*47 

Coen. 

Ci^ying  ink.  Glycerin  and  candi«d 
sugar  in  ordinary  ink. 

1891 

5437 

Sherwood. 

Cwjriug  ink.  Soluble  aniline  dye, 
borax,  water,  and  boiled  linseed  oil. 
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Dst*. 


Na 


Name. 


BabJeet-MUtcr. 


1892 
1892 

1893 
»893 
1894 

1894 

189s 

1896 

1896 
1897 

1897 

1898 
1898 

1899 
1899 

1899 


1900 
1900 


93 
18,721 

7263 

16,830 

3236 

5078 

6938 

3459 

17,226 
21,830 

21,991 

5294 
24,644 

6727 
8976 

U.957 


1290 
7367 


Higgins. 

Fritwell  and 
Leeds. 

Blancan. 

Hollyer. 

Nienstaedt 

and 
Goldmark. 
Nienittnedt 

and 

Qoldmnrk. 

Thacker. 

Adams. 

Temple. 
Spencer. 


Moller. 

Isambard. 
Lichtentag. 

Kretschmaun 
Bachem. 

Power. 


Isambard. 
KreUchmano. 


Stamping  ink.      Aniline  colour  with 

fixed  uii  and  carbolic  acid. 
Copying  ink.     Lamp-black  in  tolation 

of  aniline  dye  eraporatad,  and  reddoe 

mixed  with  lithographic  varnish. 
Indelible  ink.   Aluminium  powder  with 

protective  varnish. 
Sanitary  ink.      Addition   of   juice  of 

lesser  celandine. 
Dried  ink.     OranuleH   of    non-porous 

substance  covered  with  dried  inlc 

Dried  ink.     Glnsn  or  metal,  ke^oottmd 
with  pigment  and  binding  material. 

Safety  paper.   Coated  with  colour.  Ink 

removes  the  colour  of  portion  written 

on. 
Sympathetic      ink.        Dilute      H^4 

(I  :  17)  ;    writing  made  visible  by 

heat. 
Non-staining  ink.    Addition  of  saline 

compound,  e.g.  ordinary  salt. 
Dried  ink.    Aniline  dye  with  sodium 

bicarbonate  and    acid    to    produce 

effervescence  and  difl'use  colour  in 

water. 
Invisible    and    indelible  ink.      Alum 

and  white  garlic  juice— visible  on 

heating. 
Use  of  Rontgen  rays  in  writing. 
Indelible  ink.      Carbon   in  soap  and 

water  or  other  medium. 
Sympathetic  ink.     Taper  treated  with 

solution  of  cobalt  chloride.     lok  a 

solution  of  rock  salt. 
Sympathetic    ink.      Two    substaaoaih 

e^.  cobalt  chloride  and  mafiMriara 

piaiino-cyanide,  one  beoondnf  viirible 

the  other  disappearing  on  beatinf. 
Rapidly-drying    ink.      Tincture  bam* 

ameliK,  tincture  of  iron,  and  gum 

araliio  in  npirits  of  wine. 
Red  ink  from  rose  petals. 
Copying  by  means  of  Rdotfni  mn. 
Sympathetic  ink.    Paper  treatad  with 

non^hyrroeoopic  cobalt  salt  Writiof 

with  solution  of  salt  and  subatance 

(«.a.  vinegar)  to  produce  hjgroecopio 

salt. 
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OmU. 


Xo. 


Xmm. 


SabJect-iBkUer. 


1900 

1904 

1904 


3807 

4447 
«7-''-4 


1904 

25.09^ 

1904 

i9,:!45 

1905 

23.109 

1906 

1732 

1906 

5183 

1906 

12,872 

1907 

4379 

1908 

9108 

1008 

9579 

1908 

9663 

1908 

19.588 

I9I0 

24.136 

I9I0 
191 1 

29.389 
73»8 

Brown. 


Smith  and 
Betwkk. 

Leiael  and 
Kapper. 

Flack. 


Ojeda  and 

Quesada. 

Rieder. 


Morris, 

Smith,  and 

Bawtree. 

Valentin© 

and  Smith. 

Wyae. 

Simpson. 
CS«Rino. 


Claeasen. 
Johnson. 

Elam. 

Flachaire. 

Rat«r. 
Flachaire. 


Copying  p*per.  Paper  treated  on  one 
side  with  hardened  geUtin,  and  on 
the  other  with  deliqaeecent  Bub«tanco 
{e.g.  CaClg),  and  solution  of  subiitance 
not  affected  by  writing  ink.  No 
damping  required. 

Copying  ink.  Contains  logwood,  iron 
chloride  galls,  glycerin  and  rose- 
water. 

Gold  and  stiver  writing  inks.  Powder 
sospended  in  medium  containing 
volatile  constituent.  Paper  subee- 
quentlv  heated. 

Carbon  (lamp-black)  suspended  in  lin- 
seed oil,  thinned  with  turpentine,  Ac, 
Proasian  blue  also  ufM>d. 

Copjring  ink.  Addition  of  glycerin  and 
sugar  syrup. 

Sympathetic  ink.  Silver  chloride  in 
varnish.  Silver  print  bleached  in  bath 
of  sodium  chloride  and  copper  salt. 

Copying  ink.  Ferric  chloride  as  hygro- 
scopic medium. 

Invisible    ink.     Sulphuric    acid,    de- 
veloped by  heat. 
Invisible  ink. 


Chloride  or  other  salt 


of  cobalt. 


Indelible  waterproof  ink.  Resinous  so- 
lution in  ammonia  and  water,  with 
lamp-black,  dextrin,  and  nigrosine. 

Sympathetic  copying  ink.  Alkaline 
potassium  ferrocyanide  with  mag- 
nesium carbonate,  graphite,  water, 
and  gum.  Developed  with  alum, 
iron,  and  potassium  bisulphate. 

Coprjring  ink  containing  di-  or  poly- 
glycerin. 

Ink  powder.  Emulsion  of  camauba 
wax  and  soap  solution  mixed  with 
pigment  and  thickening  agent  and 
evaporated. 

Copying  ink.  Aniline  black,  nigrosine, 
water,  glucose,  and  glycerin,  with 
alkali. 

Sympathetic  ink.  Doable  iodide  of 
m        ^    -n<!  silver. 

Qu:  ink.    Addition  of  alcohol. 

Dou:...  ._...ic  of  mercury  and  silver 
mixed  with  other  sabetances. 
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Umlt. 


1848 
1856 
1858 

1864 

1864 

1877 

1878 

1879 
1880 

1880 
1881 

1882 

1883 
1883 
1884 

1884 
1885 


Xo. 


11.474 

738 

2316 

1828 

2511 

379 

5122 

3499 
1771 

^38 
466 

594<i 


Name. 


Reade. 

Bufton. 

Dunn. 

Mollor. 

.M..II.T. 

Schroll. 

Hickiflson. 

Taylor, 
Johnaon. 

Sachs. 
Johnson. 

Langbeck. 


751      Hiokjaion 
and  LAng- 

beck. 
Hickiason 
and  Lang- 

tteck. 
HkkiaaoD. 


752 


9149 

15,961 
3980 


Hkkiaaon. 
Simpaon. 


Sabiect-iiutUr. 


Ammoniacal  solution  of  silver  tartrate. 
Addition  of  gold  salts. 

Platinum  salt  (PtgCU),  added  to  the 
Hilver.     {Prov.) 

Marking  ink  (lencils.  Silvrr  salts  with 
black  lead  or  other  prorisional 
colouring-matter. 

Rod  ink.  Madder  with  cochineal,  ma- 
genta or  carmine.  .Alum  as  mordant. 
(J'rov.) 

Madder  extract  with  alkali  Halt  in  alco- 
hol -f  gum  and  vermilion.  Alum 
used  previously  as  mordant. 

Marking  ink  pencil.  Com  position  of 
clay,  silver  nitrate,  or  other  soluble 
Hilver  salt  and  plumbago. 

Vanadium  Halts,  with  oxidising  salt  aa 
mordant.  For  noliil  }>encil.  gum,  dex- 
trin, clay,  &c..  added. 

Formation  of  aniline  block  within  the 
fabric. 

Impregnating  fibres  with  mixture  con- 
tainmg  ortho-nit ro-phenyl-priipiolic 
acid,  reducing  agent  and  alkali,  and 
developing  with  heat. 

Formation  of  tlye-stuffs  from  poly- 
sulphides  of  heavy  metala. 

Use  of  sulphides  or  aulpho-compounda 
of  alkali  metala  aa  reducing  agents  in 
urevious  patent. 

Coloured  marking  inks.  SalicyUc  acid, 
turpentine  oil,  spirits  of  irine,  gly- 
cerin, and  colouring  matter  (\-er- 
milion,  in:.). 

Colour  mixed  with  solution  of  cttoat- 
chouc  in  carbon  bisulphide. 

Colour  mixed   with   base   of  araniio 

Kntoxide.  turpentine,  and  glycerin. 
oeilH  fnim  same  mixture. 
Pencil    with    marking    |M)int    (.\gNO3 

with  KNl).)  at  one  end  and  monlant 

(pyrogallof,  wax  and  borax)  at  the 

other. 
Mordant   for  pencil.    MirfateiMd  and 

applied  to  linen. 
Mordants  rendering  ontinaiy  writing 

inaolublo  in  water. 
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IMU 

N... 

Name. 

Sobjcct-mstter. 

1888 

647 

Domitiy. 

Soluble  colour  with  gelatin  and  poUs- 
Hium  bichromate,  writing  expoeed  to 
sunlight. 

1893 

53«*> 

Hickinson. 

Aniline  dye«  soluble  in  oil  dii««olved  in 
e.g.  ca«tor  oil.  and  solutions 
thinned  with  turpentine.  For  pencils, 
mixed  with  NuitahK-  Ixtse. 

1905 

>  7.793 

Thorpe  and 

Indigo  salt  T  (o-nitro-phonylmethyl- 

Briggs  A  Co. 

lacto-ketone)  or  other  Ixxly  converted 
by  alkali  into  insoluble  pigment,  in  a 
suitable  medium. 

PRINTING  INKS  AND  INKS  FOR  MISCELLANEOUS 
PURPOSES. 


«772 

1012 

182 1 

4601 

1831 

6182 

1835 

6906 

1853 

483 

1853 
1853 

1900 
1920 

1853 
1854 

2243 
1575 

1854 
1^55 

2490 
32 

1855 
1855 
1855 
1856 

320 

1918 

400 

516 

1856 

2206 

1857 

1112 

1857 

1518 

Rowley. 

Martin  and 

Grafton. 

Smith  and 

Dolier. 

Bird. 

Goodell. 

Gwynne. 
Newton. 

Maumcn6. 
Archer. 

De  la  Rue. 
Livesay. 


Kuhlmann. 
Dc  la  Rue. 

Grant. 
Brooman. 

Underwood 
and  Burt. 
Underwood. 

Matthews. 


Ink    for    printing    playing    cards    in 

colours. 
Soot  of  burnt  coal-tar  as  pigment. 

Delible  ink  for  copying  books. 

Printing  ink.  Use  of  a  mineral  earth 
aa  pigment. 

Use  of  residue  from  purification  of  rosin 
oil. 

Powdered  coal  as  pigment. 

Use  of  residue  from  distillation  of 
rosin  oil. 

Carbonised  lignite  as  pigment. 

Paper  carbonised  with  sulphuric  acid 
as  pigment. 

Addition  of  glycerin. 

Ordinary  typographic  ink  mixed  with 
vamiiih,  rosin,  and  Venice  turpen- 
tine. 

Addition  of  silicates  to  letterpress  ink. 

Addition  of  manganese  borate. 

Addition  of  odoriferous  eHnential  oiU. 

Pigment  from  bituminous  shale  and 
schixts. 

Copying  printing  ink.  (Gall  and  fer- 
rous sulphate.) 

Copying  printing  ink.  (Logwood  ex- 
tract.) 

Green  ink.  Chromium  oxide  and  var- 
nish. 


248     INKS  AND  THEIR  MANUFACTURE 


Date. 

No. 

Name. 

.Subjfct-nuttrr. 

1857 

1744 

Seropyan. 

Ink  for  cheques. 

1858 

1 187 

Stuart. 

Residue    from    distillation    of    hitU' 

minous  substances  as  pi^ent. 
Lithographic    ink    containing    gutta- 

1859 

130 

Viettc. 

X859 

348 
1282 

Mom. 

percha. 
Ink  for  cheques. 

1859 

Hadfield. 

Apparatus  for  Tarnish  manufacture. 

1859 

2081 

CoUios. 

Transfer  ink. 

1859 

2399 

Palmer. 

Aniline  by-product  as  pigment. 

i860 

388 

Ballande. 

.Safety  printing  ink. 

i860 

M45 

Thierry. 

Pigment    prepared    from    carbonised 
schist. 

i860 

2640 

Neal. 

(irinding  mills. 

1862 

767 

Brooman. 

Inkti  for  printing  on  glass. 

1862 

2654 

Prince. 

Use  of  ])ctroleum  products  in  litho- 
graphic  vamuih. 

Telegraph  ink.  Aniline  in  dilute  alco- 
hol, thickened  with  gluten. 

1862 

3074 

Croc. 

1863 

1564 

McLean. 

Pigment  from  shale.     {Frov.) 

1863 

3204 

Hughes. 

Ink  for  cheques.     Comi>ound  of  stannic 
acid  and  chromium  oxide. 

1864 

2854 

Rowley. 

Use  of  pitchy  subHtanco  from  distilla- 
tion of  cotton  oil. 

1865 

3325 

Newton. 

Oil  substitute  prepared  from  glue  or 
gelatin. 

1866 

367 

Holmes. 

Animal  pitch  (bono  oil  pitch)  as  lamp- 
black substitute.     (Pror.) 

1866 

1737 

Holmes. 

Idem. 

1868 

2578 

P.  and  \V. 

Pigments.    Oxides  of  iron  heated  with 

Hodge. 

carbonised  peat. 

1869 

2890 

Binko. 

Indigo  printing  ink. 

iX'liblo  printing  ink.     Ferric  hydroxide 

1869 

Kirohoer 

and  Ebner. 

with  tannin  in  a  varnish. 

1869 

2946 

May. 

Non-oloaginous  inks.    (Jlycerin,  gums. 

and  pigment. 
Water-colour     inks.     Pigments     with 

1869 

2993 

Klocn. 

glycerin,  gums,  sugar  or  other  sub- 
stances soluble  in  wat«r. 

1869 

3543 

Edwards. 

Photo-mechanical  ink.  Extra  greasyink. 

1870 

967 

Jackson. 

Grinding  mills. 

1870 

1419 

Lawrence. 

Ink  containing  glycerin,  gum,  ragar, 
and  pigment. 

1870 

1863 

Pinkney. 

Use  of  aniline  salts  with  nickel  salts 
and  an  oxidising  agent. 

1870 

2762 

Lake 

Use  of  petroleum  prtxiucts. 

187^ 

689 

(Topjan). 

Copying  ink.     Vm>  of  nigment  soluMe 

in  water  and  of  snluole  gums. 
Use  of  aniline  salt  with  sa  U  of  Tana« 

187I 

2745 

Pinkney. 

dium  and  nickel. 
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v*u. 


Vo. 


yuae. 


8abi«ct-inattcr. 


1871 
1873 

1873 

1873 
1873 
1873 

1873 

1873 

1874 

1874 

1874 

1874 

1874 

1875 
1875 

1875 
1875 

1876 

1876 

1876 

1876 

1876 

1877 
1877 

1877 
1877 
1877 

1878 

1878 


3365 
2133 

3129 

3176 
3598 
3684 

3809 
4196 
208 
1078 
1839 
1995 
4421 

605 
1620 

194I 
3762 

1662 
2268 

2621 

3270 

4470 

169 
895 

950 
3402 
3407 

2706 
5098 


McOrNtdy. 
little. 

Mackay. 

Newton. 

Kingdon. 

Hyatt. 

^mith  and 
Fountain. 
Thomas. 

Clark. 

de  Zaccato. 

Tongoe. 

Clark. 

Knab. 

Whitburn. 
Clark. 

Holyoake. 
Ecuaon. 

Heuer. 
Brooks. 

Zingler. 

Tongoe. 

Pinkney. 

Toiwne. 
Pom^irey. 

Williams. 

Howard. 

L'Heureuz 

and  ligny. 

LMoo. 

Winterhoff. 


AppaimtiM  tor  WwMting  colours. 
TdegnupUo  appumtoa.    Ink  of  aniline 

bine  in  gnroerin. 
Use    of    ou    recovered    from    waste 

fabrics. 
Pigment  for  printing  fabrics. 
Grinding  mills. 
Fireproof  ink.    Addition  of  asbestos 

powder. 
Heating  printing  ink  to  uniform  tem- 
perature before  use. 
Use  of  heavy  oils  and  pitches  from 

Ur. 
Apparatus  for  manufacture  of  lamp- 
black. 
Papyrographio     ink.     Caustic      alkidi 

solution  and  vandyke  brown. 
Carbon  in  a  silicate  solution  as  indelible 

ink. 
Stamping  ink.     Solution  of  colour  in 

alcohol  and  glycerin. 
Manufacture  of  pigment  from  gas  tar, 

&c. 
Ink  for  printing  on  wood. 
Production  of  aniline  black  for  print- 
ing. 
Tnoisfer  ink.     {Prov.) 
Ink  for  autographic  printing.  Printers' 

ink  thinned  with  castor  oil. 
Printing  on  glass. 

Coloured  printing  inks.     Special  var- 
nish. 
Metallic    printing    inks.     Solution    of 

albomen  as  vehicle. 
Pigments  from  anthracite  and  other 

coal.     (Proc.) 
Ink  for  cheques.     Use  of  ferrocyanides 

with  aniline  or  vegetable  colours. 
Pigments  from  anthracite,  &c.  (Prov.) 
Autographic  ink.     Aniline  colours  in 

acetic  acid  and  glycerin. 
Boiling  oil.     Use  of  steam. 
Pigment  from  peat  charcoal. 
Engraving  ink  containing  sogar,  gum 

arable,  and  silicates. 
Ink  for  printing  on  earthenware.   Pig- 
ment with  glycerin  or  mokasea. 
Ink  for  china^,  wood,  iron,  fte.  Phuaeut 
with  varnish  of  oil,  resiaa,  Yenioe 
turpentine,  wax,  suet  and  flux. 
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Date. 


1879 

1879 

1879 

1879 
1879 
1879 

1879 


1879 
1879 


1879 
1880 


1880 
1880 

1880 

1880 

1880 

1880 

1880 

1880 
1880 
1880 

I88t 

1881 

1881 
1881 


No. 


141 

402 

25»8 

3391 
4204 

4524 
4645 


4788 
4997 


5232 
827 


1028 
1615 

1838 

1971 
2216 
3418 
4591 

4693 
4846 

4874 
375 
436 

814 
903 


Name. 


Haddan. 

Cunnack 

and  Argall. 

Gray. 

Jefferies. 

Nesbit. 

OeBtoner. 


Kciwt'ler. 


Imray. 
Haddan. 


VVirth. 
Pfleiderer. 


Klein. 
Alexander. 

Sachs. 

Savigny  and 
Coluneau. 
Keaseler. 

Ungerer. 

Bertram. 

BasUnd. 
Witt. 
Boult. 

Dupn^  and 
Hehnor. 
Poirson. 


Marie  and 

BouneTtlle. 

QmxIaimI 

Cobley. 


8ubJ«ct-inatter. 


Metallic     powder    incorporated    with 

Molution  of  ulicate. 
Kaolin  clay  as  »  hue  for  the  pigment. 

Preparation  of  vamiah  by  treating  oil 

with  hut  air. 
Transfer  ink.     Treat-le  and  glue. 
Ink  for  che<|UC8.     Aniiino  printing  ink. 
Water  colour   tran-sfcr   ink.     .Mixture 

of  a  water-colour  pigment  in  aniline 

with   glycerin,    vamiNh,   syrup  and 

mineral  pigment.     (Frov.) 
Ink  for  zincugra|)hy.     Pitch,  tar  oil. 

fatty  acid,  aniline  violet  and  residue 

from  diHtillatiun  of  n>Hin  oil. 
Transfer  printing  ink*. 
Ink  for  cheques.     Bichromate,  ferroas 

sulphate,     ferrocvanides,     logwood, 

oxalic  acid  and  glycerin.     (Prov.) 
Coal  tar  as  pigment.     (Pror.) 
Ink  for  glass.     Pigments  with  copaiba 

balsam,  Venice  turpentine,  rosin  oil 

and  driers. 
Ink  for  printing  oil  cloth. 
Pigment   from    bitumens   and   hydro- 

carbons.     (Prov.) 
Use  of  dyeing  substance  in  printing 

ink. 
Use  of    a  special  vegetable  colouring 

matter. 
Ink    from    pitch,    fatty   acid,    aniline 

violet,  and  tar  oil. 
Colouring  composition  for  impresaion 

rollers.     (Pror.) 
Flexible  ink.     Aniline,  acetic  acid,  glu- 
cose, glue,  glycerin  and  water. 
Use  of  oil  from  cotton  waste. 
Ink  for  calico  printing. 
Ink  for  coUuloid.    .^uline  ooloun  in 

carUilic  acid. 
Ink  for  cheques. 

Transfer  ink  for  leather,  Ac.  Con- 
taining aalts  melting  in  their  water 
of  crvstalUaation.  e.\f.  alum  or  sodium 
wtlpbate. 

Uae  of  nitrio  eaten  of  mgan.    {Frov.) 

Um  of  tannin  black  from  leather  waste 
as  lamp-bUck  substitute. 
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iMtr. 


No. 


Nunc. 


Oubji-rt-nuittcr. 


f88i 

l88i 

-1881 

1881 

1 88 1 

1881 

x88i 
1881 

1881 

1882 


1883 
1882 


1882 

1883 

1883 

1884 
1885 
1885 

1886 
1886 

1887 

1887 


1002 

1^03 
2103 
2274 
3868 

3410 

3605 
3657 

3762 
728 


3086 
3248 


4106 

949 

3638 

2268 
9249 
9413 

G06 
1601 

lOJt} 


Loqgriiftw 

Priesimaii. 

Brackrbusch. 

BMtond. 

W.  O.  and 

R.  R.  WhiU). 

Jenaen. 


Meih6. 

Gumey. 
Sacha. 

Clark. 


Rei»ig. 


Wirth. 
Gibflon. 


ClaiM. 

Nesbit. 

Uke. 

Baseley. 

WaM. 
liacrone. 

RooMet. 
Guthcil. 


Schlum- 
ber:ger. 


17.925   .      Groth. 


Tannin  bUek  frooi  tpttA  ton  Uqoors. 
{Prop.) 

Printer's  Tarnish  without  linseed  oil. 
Colophony  and  paraffin  oil.  (Prov.) 

Vm  of  oil  extracted  from  engine  cotton 
waste. 

Polychromatic  printing  ink  containing 
aniline  dye-stuffs,  ftc. 

Ink  frum  pitch,  anthracene  oil,  tar  oil, 
aniline  colour  and  lubricating  soap. 
(VoKt.) 

Fireproof  printing  ink.  Use  of  asbestos 
powder. 

Tannin  black  from  waste  tan  liquors. 

Ink  for  impressions  of  patterns.  Chro- 
mium '•■•"^r^-'r\f\,  ftc. 

Autogra  .^fer    ink.     Contains 

proti-t  :  mates,  ferrocyanides 

and  aluius. 

Indelible  printing  ink.  Linseed  oil 
varnish,  lamp-blBM^k,  and  ferric  chlo- 
ride.    (Prov.) 

Manganese  peroxide  as  pigment. 

Metallic  inks.  Metallic  |>owdcT  mixed 
with  naphtha  and  solution  of  rubber 
in  carbon  bisulphide. 

Iron  sulphide  incorporated  with  rosin, 
gum,  or  fused  Hulphur. 

Ink  for  cheques.  Use  of  decoction  of 
alkanet  root. 

Ink  for  india-rubber  goods.  Caoutchouc, 
naphtha,  red  lead,  and  sulphur. 

Grinding  mills. 

Pigment  from  sugar  scum. 

Varnish  from  seed  oil,  rosin,  paraffin 
wax,  beeswax,  and  copal  varnish. 

Varnish  for  fixing  transfers.  Mineral 
pitch,  heavy  Mnzine,  and  copaiba 
essence. 

Lithographic  ink  of  intense  ookmr. 
Venetian  soap,  wax,  mastK,  shellac, 
Venice  turpentine,  lamp-black  or 
soot  rublied  with  water  for  use. 

Addition  of  vegetable  colouring-matter 
(alizarine)  altering  colour  on  addi- 
tion of  alkali.  (Opposed  and  not 
granted.) 

Antiseptk  ink.  Aniline  Uack  in 
aniline,  carbolic  acid,  ftc. 
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Dmt*. 


No. 


Name. 


Mubjcct-mattcr. 


1888 
1888 

1888 
1889 


1889 
1889 

1889 
1890 


1890 

1890 
1890 


1891 
1891 

1891 
1891 

1892 
1893 
1893 
1894 

1894 


3321 
13.968 

15.457 
6287 


8971 
15.839 

20,830 
Il,l68 


15.743 

16.689 
16.757 


873 
12,104 

12,200 
17.635 

12,280 

7Jf.3 

12,863 

6268 

13,676 


Bensinger. 

Neilflon, 

Harrap  and 

Brown. 

Jones. 


Weight. 


MUl8. 
Browne. 

Huelaer. 
Holt. 


Davison. 


Lake. 

JuRt,  Weilcr, 

and  Hvidc- 

priem. 


Hudnon  and 
HillH. 

Brandt. 


Bcrtling. 
Dreyfus. 

Chamberlain. 

Blancan. 

Bibby. 

Deffrooteand 
Aulnois. 

Cardeauz. 


Ink  for  celluloid.    Aniline  dye-tltifl  in 

carbolic  or  acetic  acids. 
Antiseptic  ink.     Use  of  permanganate 

or  pigments  used  in  sanitary  wall* 

paper. 
Invisible  printing  ink.    Cobalt  salt  in* 

dilute  alcohol.     Inking  rollers  to  be 

covered  with  absorbent  material,  e.g. 

flannel. 
Sanitarv    ink.     Part    of    paper  rra- 

do  red  transparent  with  "  medicating 

oil." 
Sanitary  ink.     Addition  of  antiseptic. 
Use   of  semi-fluid    bitumen   (maltha) 

with  or  without  black  pigment. 
Uw  of  fine  coal  dust  as  pigment. 
Ink  from  reniduo  from  &tillati0n  of 

petroleum  with  reain,  gum,  mid  pig> 

mcnt. 
Imitation  metallic  printing!;  inks.  Nitro- 

benzene  aniline  pro* I  licid, 

varnish,  Hpirit.  8oa]>. 
Non-clogging  ink.     Vaite mu-,  tatty  oil, 

and  pigment. 
Ink  for  cheques,  &c.  Black  from  sugar. 

or  carbon  blaclc,caastio  potash,  oxalic 

acid,    Indian  ink,   vanadium  com- 
pound,  galls,   gum  arabio,   aniline 

colour,  and  water. 
Antiseptic     ink.      Permanganate     or 

eucalyptus,  fte.,  with  glutinoo*  Oom> 

pound. 
Zincographic    ink.    Antimony    Uaek. 

bone  black,  resins,  strong  varnish. 

Berlin  blue  and  ordinary  printing 

ink. 
Lathograi^ic  transfer  ink. 
Reainates  of  coal  tar  dye-stuft  used  as 

pigments. 
Ink  for  cartridge  OMe.    Vanidl,  pig- 
ment, and  drving  oil. 
Metallw  ink.    Aluminium  powder  with 

protective  varnish. 
Use  of  cotton  seed  "  foots  "  with  other 

usual  ingredients. 
Colour  printii^  ink.    Pigment,  boikd 

linseed   oil,  aioMtive    and    oaoai- 

chouc. 
Printing  from  raised  tjpe  on  tin  foil. 

Addition  of  vaseline  to  ink. 
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Dkt«. 


Xo. 


Xame. 


Sab)ect-infttt«r. 


1894 

1895 
1895 

1895 
1896 

1896 
1896 

1896 
1896 

1896 
1897 
1897 

1897 

1897 


20.423 
955 

I7.86S 
8376 

12.198 
16,274 

18,131 
^6,99^ 

30,121 

7399 
9121 

18.533 
J9.783 


Barawell. 


Priestley 

and 
Swann. 

Thai'k<T- 


Hallet. 

Taylor  and 
Cooke. 


Torrance. 
Sharp. 


Mkhel. 
Danaac  and 


Webb. 

Boult. 
Gentele. 
Taylor. 

OgUry. 

Webb. 


Printing  WTeral  cdoon  in  one  im- 
preanon.  Inks  in  strips  on  rollera 
prevented  from  mixing  by  addition 
of  castor  oil,  turpentine,  tar  oil, 
copaiba  balsam,  Hulphuric  etber,  am- 
monia, and  ipecacuanha. 

Metallic  inks.  Bronze  powder,  kc., 
with  varnish  and  lard  or  fat. 

Inks  for  wood,  canvas,  paper,  ftc. 
(..  covered  with  coloured  layer 
>  a  can  be  removed  by  suitable 
chemieab.     (Cheque  ink.) 

Printing  ink  for  imitation  type- 
writing.    Aniline  dye-stuff  used. 

Printing  in  several  colours  in  one  im- 
pression. Inks  prevented  from 
mixing  by  addition  of  copaiba  bal- 
sam, glycerin,  sandal  wood  oil.  petro- 
leum, turpentine,  tincture  of  myrrii, 
chloroform,  and  ammonia. 

Grinding  and  mixing  mill.  Differen- 
tial gearing  for  rotating  rollers  at 
different  speeds. 

Metallic  ink  suitable  for  stencil 
machines.  Metallic  powder  with 
gum  arable,  linseed  oil,  rosin  oil,  dex- 
trin, red  lead,  litharge  and  turpentine. 

Coloured  ink.  Albumen  preparations 
with  specified  coloured  pigments. 

Safety  ink  for  copper  and  steel  plate 
{Hinting.  Amline  colour  in  base 
of  flour  and  magnesium  oxide  with 
sodium  carbonate  and  soap. 

Metallic  ink  {"  direct-or ").  Varnish 
and  oils, rosin,  &c., with  bronze  powder. 

Cellulose  or  wood  powder  as  sub- 
stratum for  colour. 

Printing  in  several  colours  simultane- 
ously. Addition  of  powdered  man- 
ganese and  alcohol  to  substances 
enumerated  in  Pat.  8376  of  1896. 

Mixed  pigments  and  varnish  incorpo- 
rated by  oae  of  saperfaeated  steam 
or  steam  ander  pfcwore,  and  volatile 
prodocts  condensed. 

Fugitive  safety  ink.  Base  of  dextrin 
and  treacle  with  glycerin,  aniline 
dye-stoff  and  antiseptic  agent. 
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D»t«. 


No. 


Kkine. 


SabJcct-ittitUr. 


1897 
1897 

1897 

1897 
1898 

1898 

1898 
1898 

1899 
1900 
1900 
1900 

1900 

1900 

I901 

1901 
1901 
1901 


23.080 

24.504 
29,728 

30.104 
5294 

".951 

20,356 
23.o7» 

17.557 
»3.M5 
14,886 
17,1^0 

» 7.783 

23.23* 
1366 

5168 
6061 
8645 


Hadlpy  and 
Sephton. 

Stoop. 
Banner. 


Burger. 
Izambard. 

Gotliffe. 


Pitt. 
Stoop. 

Printing 

Arts  ( 'o.  and 

Orloff, 

White. 


Ogilvy. 


llofcr. 


Stevenson. 


Britiiih  Oil 

Mill*  Co. 

and  Waas. 

Hoc. 


Imray. 

Waaa. 

Tellkamp. 


Ink  for  etched  dedgoa  on  f^aaa,  Ac. 
Contain«  wax,  Canada  bal«un«  aoap, 
and  lamp  black. 

Subfltitute  for  linM«d  oil.  Uae  of 
dning  mineral  oils,  e^.  giiaee 
oil. 

SubHtitutc  for  linseofl  oil.  Colophony 
in  Miiitable  Mtlvont  wholly  or  par- 
tially tiaiM)nitifd  with  cauMtic  Moda 
or  (Mxlium  Kiliiatc  ;  (jr  use  of  lime- 
roHin. 

Inlu  used  in  production  of  colour 
prints. 

Radiographic  or  X-ray  proof  ink. 
Metallic  or  calcarroiis  powder  with 
boiled  oil  and  alkali  bromide. 

Printing  wat^n^rrnjf  fabrioa.  Metallic 
powder  (nickel)  with  egg  albumen 
or  other  thickening  agent. 

Uao  of  gelatinouNC(>m|>ound  from  kelp. 

Use  of  natural  drying  mineral  oil 
(griNol  oil)  in  vamiMh. 

Uao  of  ink}<  of  different  conuatency  in 
colour  printing. 

Polychromatic  printing.  Special  sheet* 
of  com{K)Hition  containing  the 
colouni. 

Admixture  of  ink  effected  by  beatiiw 
and  mechanical  agitation.     No  mill 

UJ*Cll. 

Ink  for  printing  trj»n->iwinniu>«  on 
celluloid.     Pigment.-  re  of 

ether,  camphor,  |)ftr>k  1 1  :  man- 

ga neite. 

Printing  dcHigns  changing  colour  on 
exi>uHurt>.  l'M>  of  combination  of 
|M>miaiu<nt  and  non-penuanent 
colours. 

Use  of  residuum  from  puriflofttion  of 
ooUon-seed  oil. 

Use  of  djreinff  |%ments  and  develop* 

ment  and  fixing  of  printing  on  the 

fabric. 
Urn)  of  iodophenolihiosulpboD»t«s  as 

pigmenta. 
Use  of  Boiution  of  rosiii  in  minend 

oil  as  \-amiiih. 
Autographic  ink. 
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D«te. 


No. 


Nmroe. 


Subject-inatUr. 


1901 

1901 

190J 

1903 

1903 

1903 
1903 

1903 

1903 
1903 

1904 

1904 
1904 
1904 

1904 

1905 
1905 


12.826 

3"33 
33o» 

11,028 
12.681 

14.299 

22,195 
26.951 

3909 

21,062 

7931 

24.733 

25,202 

9809 
11.049 


W«ol»ler. 


Lilienfeld. 
SchmiedeL 


Nianis. 


Grabau. 


Preaubert 

and  Thube 

Johnson, 

for  Badiache 

Co. 

Breun. 


Carter. 


Roeenhain. 


Rowan. 


Bennett 

and  Mastin. 

MUlar. 

Bennett 
andMaatin. 

Janzer. 


Spencer  and 

Lvrt. 

Lamb  and 

Rennic. 


Lithographio  printins.  Ink  for  con- 
tinuous working.  Pigment.  vamiMh. 
glycerin,  alkali  salt,  tartar,  and 
tuqx*ntiiH*. 

Fixing  >'amLsh  for  pigmenta  for  textile 
fabrics. 

Production  of  dark  shade  on  coloured 
ground.  Use  of  a  solution  of  a  resin 
with  or  without  glycerin. 

Transparent  letters  on  ground  glass. 
Ink  uf  Canada  balsam,  gum,  kc,  in 
turi>entine  or  spirits. 

Ink  for  washable  wall-papers.  Paste 
of  potato- flour  and  borax  with  ani- 
line dye. 

Casein  made  soluble  with  alkali  as 
thickener  for  printing  ink. 

Compounds  of  colouring  matter  bases 
with  fatty  acids  or  their  alkali  salts 
used  as  printing  inks. 

Conducting  ink  for  autographic  or  fac- 
simile telegraphy.  Use  of  acid  solu- 
tion of  platinum,  copper,  &c,,  mixed 
with  graphite. 

Ink  for  backing  sheet  of  typewriters. 
Addition  of  oil  and  glycerin  to  print- 
ing ink. 

Non-corrosive  ink  for  glass,  metal,  Ac. 
A  mixture  of  alkali  silicate  solution 
with  sodium  or  potassium  alnminate 
and  a  suitable  pigment. 

Safety  ink  for  cheques.  Pa|)or  impreg- 
nated with  fcrrocyanidc.  Ink  of 
ferric  chloride,  potassium  iodide,  and 
caustic  soda. 

Coloured  glass, "  porcelain.  &c.,  finely 
powdered  and  used  as  pigment. 

Coloored  lithographic  ink.  Mixture  of 
linseed  oil  and  wax  (6  :  i). 

Potter's  clay,  mixed  with  pigment  {e.g. 
cobalt  oxide)  and  fired.  Uaed  for 
printing  ink. 

Rapid-drying  ink.  Addition  of  5  to  30 
per  cent,  of  mixture  of  pyroxyline, 
Canada  turpentine,  castor  oil,  alcohol 
and  ether,  in  s|)ecified  proportions. 

Solution  of  rubber  and  dye-stuff  for 

Erinting  calico  or  fabrics, 
for  printing  on  leather. 
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Date. 

A"o, 

N»mc, 

8ubjcct-nuiU<!r, 

1905 

12,128 

Hart. 

Polychromatic  printing!  Dye  diaaolred 
in      solvent,      mixed     with    vehicle 
(Fuller's  earth),  solvent  evaporated, 
and  roHidue  ground  with  vamiBh. 

1905 

14.023 

Lerck. 

Ink    for    colour    printing    to    prevent 
colourH   mixing.     BaL«m,   glycerin. 

myrrh,  petroleum,  turpentine,  alco- 

hol, and  manganese  oxide  added. 

1905 

I4.4''4 

LiHC-ko. 

Ink  for  printers'  overlay  sheets. 

1905 

19.32S 

Longlcy. 

Basic  dye-stufi  in  solvent  (acetic  acid) 
with  phenol  and  gelatinous  matter 
from  carrageen  or  seaweeds. 

1905 

25.859 

Fireman. 

Ferroso-ferric  oxide  obtained  by  oxida- 
tion of  ferrous  hydroxide,  used  as 
pigment  for  printing  ink. 

Ink  for  pn-jMkred  wood.     Chinese  ink. 

1906 

5050 

Boult. 

gum  arabic,  and  dilute  acetic  acid. 

1906 

9796 

Bousfield 

Printing  ink  for  music.     No  vamish 

present. 
Gelatin    colours    for    printing    from 

1906 

18,562 

Imray. 

intaglio  oiled  formes. 

1907 

2998 

Lilionfcld. 

Silk-like  effects.     Ink  contains  a  com- 
pound of  zinc  or  other  metal  with 
viscose. 

1907 

27.31- 

Acheson, 

Printing  ink  containing  deflocculated 
amorphous  material  (graphite)  with 
linseed  oil,  varnish.  Ac. 

1908 

8688 

Bczzant. 

Treatment    of    ox-gall    for    machine 
rulers'  ink. 

I918 

27.233 

ManscU. 

Sensitizing  ink  for  stencilled  designs. 

Silver  nitrate,  water,  alcohol,  and 

glycerin. 
Oil    residues    treated    with    sulphuric 

1909 

2144 

Walker 

and  Sohn. 

acid  to  make  com]>ound  for  printing 
ink. 
Pigment  for  printing  inks,  obtained  by 

1909 

4040 

Jagonburg. 

mixing    dyestuff    with    thickening 

material,    and     precipitating    with 

barium  chloride. 

1909 

16,291 

Hoohstetter. 

Mimeo^PHph    ink.     Pigment    ground 
with  Turkey-red  oil. 

1909 

16,636 

Lamp'l. 

Itonk  notes  printed  in  colours  as  per- 
meable as  the  |>aper  to  actinic  rays. 
Proof     against     photography     {e.g. 
rhodnmine,   chrome  alum  solution, 
and  alcohol). 

1909 

27.368 

EMardd 

Cheque    ink.       Invisible    impressions 

and  8aU. 

made    visible    by   rubbing    with    a 
coin.     Ink  of  sine  white  and  colour- 
less varnish. 

PRINTING  INKS 


■)•(», 

No. 

Suae, 

8ubjrctinatt«r, 

«<>•<> 

29.379 

Sureties. 

Brcwent'  yeaHt  mixed  with  ground 
spent  hofw,  drifd,  and  used  for 
printing  ink. 

IQOQ 

29.460 

Nowton. 

Tran8fcr  ink  for  wood,  glasit,  &c. 
Solution  of  soap  with  colour  and 
barium  Hulphatc. 

1910 

7722 

Chihi. 

Tar  with  shale  or  anthracite  in  printing 
ink. 

I9IO 

17,886 

Uu. 

Ink  for  printing  on  bread.  Pigment 
with  gum  Holution  or  dextrin,  &c. 

I9IO 

19.15'i 

Lorcnz. 

Cheque  ink.  Contains  ingredient  sen- 
sitive to  reagents,  such  as  the  dye 
Cotton  j^B,  or  dycstuff  precipitated 
by  tannin.  &c. 

I9IO 

22,237 

Simpson. 

Chequ«!  ink.  Mixture  of  aniline  dye 
with  glycerin  and  printing  ink. 

iqio 

29.735 

PiclutoDe. 

Rubber  stamp  ink.     Aniline  dye  with 
dextrin  and  glycerin. 

191 1 

14.142 

Lilionfcld. 

Printing  ink.  Poly-fatty  acid  with 
cellulose  or  derivatives,  pigment,  4c. 

1911 

»7.772 

Hurwitz. 

Hectographic  ink. 

191 1 

18.965 

Lucas. 

Transfer  ink  for  photographic  pur  loses. 
Printing  ink.     Mineral  oil  with  driers. 

I912 

914 

Wass. 

pigment,  &c. 

191 2 

14.578 

0.  and  C. 

Transfer  ink.     Lithographic  ink  with 

I.,authf>. 

asphaltum.  rosin,  fat,  &c. 

I912 

16,570 

Thomson. 

Ink  for  coating  carbon  papers.  Hydro- 
carlK)n  oil.  linseed  oil  varnish. 
B<Tlin  blue  varnish,  Milori  blue  and 
indigo. 

I9I3 

5737 

Turkin. 

Printing  ink  from  product  of  treating 
pigments  with  Turkey-red  oil  and 
alkali. 

l.^IS 

'•387 

Lilifnfcld. 

Printing  ink  containing  cellulose  esters. 

I913 

10.035 

Heyl  and 

Quiek-dr^'ing   printing  ink.     Contains 

Baker. 

amyl  sulphate. 

1913 

»  2,567 

.Sohiltze  and 

Dycstuff  with  albuminous  vehicle  or 

Fiachcr. 

sulphonated  oil. 

»9I3 

M.245 

Surt>tu'8. 

Peat  fibre  in  printing  ink. 

1914 

547 

Quick. 

Ink  from  residues  from  soap  lyes. 
Printing    ink.     Fine    mineral    matter 

1914 

44»9 

Wolff. 

such  as  infusorial  earth  used. 

1914 

23,128 

Turkin. 

Improvements  on  Pat.  5737  of  191.?. 
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A<  H»!TY  of  inks,    l.»,. 

—  ■ .  I  \'>. 
Ao. 

AcruuiK    >t  iiww.  1 1  \. 
Arc  of  writing;,  137. 
AltltT  I  Mirk.  ^'1. 
AI. 
Al^ 

— lUIUlJH,  53. 

Algol  blue.  183. 

-  '  ;.  1S4. 
All  .  1.S9. 

•        in  marking  inks.  J17. 

in  printing  inlu,  188. 

orange,  i8(&. 

red,  186 

Mow.  186. 
:tie  "  inki*,  ll,  86. 
.iiuiii.iKi  for  printing  inks,  177,  199 
Aluminium  (wwder  in  inks,  223. 

red.  ivS8. 

Anacardic  acid,  207. 
Anaoartljtim  occidcntalc,  207. 
■  '1<-.  205. 

Ilka,  115,  127,  198. 
.\iHirc  «  M|i(Ntratu8,  155' 
Aniline  black  inks,  12,  99. 

coloured  inks,  103. 

copying  ink-s,  202. 

dye-stuffs,  fugitivcness  of,   103, 

184. 

in  gall  inkfl,  12. 

analysis  of,  105. 

— — permanent,  182. 

separation  o(,  113. 

ink  powders,  231. 

marking  inks,  215. 

printing  inks,  182,  190. 

writing  inks,  12,  103. 

Antimony  in  safety  paper.  222. 

Antwerp  blue,  102. 

.•\phidc8  of  galls,  39. 

.Apples  of  Sodom,  41. 

"  Art  shades  "  in  printing  inks,  190. 

Arnold's  ink,  123. 


Ash  in  inks,  127. 
Aspergillus  nigi<r,  59. 
Asphaltum,  147. 
Atramontum,  o,  30. 
Auramines,  112. 
Aureolin.  loj,  ijo.  185. 
Azines,  11 

Baildon's  -siifety  i>a|K'r,  223. 

Ballande's  safety  paper,  223. 

I^nk-notcs,  ink  for,  196 

IJaryta  white,  186. 

Barytes,  191. 

Bassorah  galls,  40. 

Baudrimont's  soluble  glass  ink,  221. 

Bavarian  blue,  115. 

lk?au  Chesnc's  book.  10. 

Benzene  derivatives  for  ink.-*,  99. 

Bichromate  logwood  inks,  (/: 

marking  inks,  214. 

Bismarck  brown,  113. 

Bistre,  147, 

Black  aniline  inks.  99. 

for  printing  inks,  160. 

; mixing,  169. 

pigments,  20,  160. 

printing  ink-s  144. 

writing  ink«.  4,  13,  80,  119. 

Blackwowl'.s  ink.s,  123. 
Blancan's  indelible  ink,  22^. 
Bleaching  writing,  133. 
Block  books,  145. 
Blue  aniline  inku,  104,  202. 

g«lK  32. 

paper,  223- 

pi^ents,  102,  188. 

printing  inks,  183,  188. 

sympatnetic  inks,  226. 

writing  inks,  lOi. 

Blue-black  inks,  86,  115,  123. 
Blue -green  inks,  88. 
Boiled  oils,  151. 
Boiling  apparatus,  134. 

proce—ea,  132. 

Books,  block,  143. 

Dutch,  147. 

2M 


2<>4) 


INDEX 


R<M)k.«,  «'nrly  |irii(t<il    i  |  ,, 

. (ft'rnuiri,  14'j. 

Italian,  140 

Bornx  in  fufety  inlu,  220. 
Bunk-aux  B.,  114. 
Bottgfr's  copying  ink,  201. 

logwcKxl  ink,  96. 

Brazil  wuod.  loi. 

lin-tun*8  method  (printing  ink),  148. 

Brilliant  gn«en,  183. 

yellow,  115. 

British  ^alls,  39. 
Bronze  inka,  195. 
Brown  inks,  118. 

madder,  188. 

pigmentN  for  printing  ink,  190. 

Burnt  oil,  132. 

Vienna,  102,  187. 

Cadmium  orange,  187. 

red,  188. 

yellow,  102,  187. 

Cancelling  ink,  233. 
Carbon  blacks,  163. 

examination  of,  167. 

inlu,  4,  8,  13,  119. 

transition  to,  8. 

paper,  234. 

safety  inks,  221. 

Cardol,  207. 
Carmine.  102,  188. 
Carr's  ink,  123. 
Cashew  nut,  207. 
Catechu,  44. 

tannin.  44. 

Changes  in  kept  ink,  70. 
Charred  pajiers,  132. 
Cheque  inks,  196. 
Chestnut  bark,  45. 

extract,  45. 

ink  from,  46,  121. 

shells,  47. 

tannins,  43,  46. 

China  clay,  191. 
Chinese  galls,  34. 

aphis  of,  38. 

ink,  20. 

composition  of.  29. 

manufacture  of,  ^  v 

qualities  of,  27. 

torts  of,  28. 

printing,  144. 

Chrome  logwood  inks,  95,  132. 

yellow,  102,  186. 

Chrumium  in  inks,  127,  136. 


('hroiiiiiiiii  ii\i<lf.  loj. 
('KTkMrtxwfU'H  <urvL-«,  193. 
Coal-tar  coloiirH  for  inlut,  104,  182. 
CoanM-grain  H<n-<-n«,  180. 
Cobalt  in  printing  inkn.  is*). 

blue,  189. 

green,  189. 

salts  in  symfmttuti 

violet,  189. 

Cochineal  in  inks,  loi,  160. 
Collotype  inks,  177, 
Colour,  diagrams  of.  181. 

compariaon  microti 

cnrrea,  193. 

photographic  falsification  of,  192 

theory  of,  iSoi 

screens.  193. 

Coloured  light,  194. 

pigments,  194. 

pnnting  inks,  178. 

screens,  192. 

writing  inks,  100. 

Colours,  fugitive,  103. 

permanency  of,  182. 

Congo  red,  114. 

marking  ink,  217. 

Consular  diptychs,  3. 
Copper,  ink  for,  236. 

logwood  ink,  94. 

marking  inks,  214. 

Copying  apparatus,  203. 

ink  pencils,  203. 

inks,  200. 

papers,  203. 

Coriaria  mvrtifolia.  48. 

thymlfolia.  205. 

Corrosivencss  of  inkK.  uff. 
Covering  |K>wer  of  p  168. 

Crim.Hon  lake,  102,  , 
Cuthbert.  Cospels  ot  >i.,  7. 
Cuttle-fish.  13. 

fossil.  14. 

ink  from.  17. 

ink-sacs  of,  18. 

i^woiea  of,  15. 

Cynipida,  32. 

Damajavao,  47. 
Dandelion  jniee,  210. 
Day  and  Martin's  ink,  123. 
Dextrin  in  ink,  127. 
Dieterich's  school  ink,  97. 
Digallic  anhydride.  57. 
Divi-divi.  49. 
ink  from 
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l)jvi-<livi,  tannin  of.  «;<>. 

lkiinc»tic  ink-Hiaking.  9. 

iKmkie-tom-  inks,  lyo. 

Draper's  ink.  i  2  ;,. 

Drk-U  ink.«,  j  u  • 

Dri.-    .- 

Dr. 

Dr% 

Durh.i  .  i.     ;^.  7. 

Dutvh  1.     k-.  1^7. 

leaf,  19O. 

printing  ink,  148. 

EoTPTUs  papyri,  i. 

EdMiiine,  183. 

kSmMd  prooMB  of  making  varnish, 

158. 
Elizabethan  inks,  9. 
Ellagic  acid,  50,  59. 
Ellagitannic  acid,  50,  5^. 
Emerald  green,  102,  189. 
Knglbh  lx>oks,  I45. 
Efisint'.  1.S4. 

ink*.  103,  117. 

Examination  of  handwriting.  130. 

of  inks.  121. 

of  marking  inks,  217. 

of  printing  inks,  198. 

Fabkb's  ink,  123. 
Fading  of  ink,  ija 
Fast  ^res,  183. 

orangr,  183. 

scarlet,  183. 

Ferters  printing  ink,  148. 
Field's  inks,  123. 
Fireproof  inks,  237. 

papers.  238. 

Flake-white.  186. 
1  ealls,  31. 
•finks.  125. 
r<x  ii.^  11  d  pencil,  235. 
Forged  handwriting.  13  ^ 

detection  of,  i 

Frankfort  black,  163,  i(.>: 
French  galls.  31,  40. 
Fnohsiiie,  117. 
Fogitivv  oowars,  103. 

Gall  ai^ude^  34,  37,  38. 

inks,  80. 

wasps,  31.  41. 

Gallic  acid.  60. 
inks,  87. 


<.iii     >  i(i.  reactions  of,  60. 
Gallotanuio  acid.  56. 

eompoattioo  of,  57. 

dvteraiiiatioii  of,  71,  75. 

fonaflotetion  of,  59. 

propertiea  of,  59 

rBaotioM  of,  61. 

Galls,  31. 

aoom,  38. 

Aleppo,  32. 

Baaaorah,  4a 

Uae,  32. 

Chinese,  34. 

French,  40. 

men.  32. 

Japanese,  37. 

Knoppem,  38. 

Levant,  32. 

manofacture  of  ink  from,  80. 

Meooa,  ^o. 

oak-apple,  39. 

origin  of,  31. 

proportions  for  ink,  84. 

Piedmonteee,  38. 

pistachio,  40. 

-•red,  40,  41. 

Smyrna.  33. 

tamarix,  41. 

tannin  in,  84. 

terebinth,  41. 

Turkey,  32. 

white,  33. 

Gamboge.  102. 
Gas-blacks,  163. 

composition  of,  167. 

manufacture  of,  164. 

German  boolu,  146. 

ink  regulations,  12,  128. 

Glass,  inks  for  writing  on,  235. 
Gloss  inks.  159. 
Gluco-gallic  acid.  58. 
Glycerin  in  inks,  128,  201. 
Gold  inks,  100,  195. 

marking  inks,  213. 

Graphite  ink,  237. 
Green  earth,  189. 

galls,  32. 

fipamts,  183,  189. 

pruting  inks,  189. 

writing  inks,  loi,  104,  116. 

Green-Uaek  ink,  1 16. 
Griessmayer's  reaction.  62. 
Grinding  machines.  171. 
Griael  oU,  158. 
Gam*  in  inks,  127. 
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H^MATIIN*.  92. 

inlu,  97. 

Hiematoxylin,  64,  91. 

ink  powdoni,  230. 

Half-tone  dot,  19s.  . 

process  block,  179. 

Halsey's  ink,  123. 

Handwriting,  dincrentiation  of,  1 35. 

examination  of,  130. 

forged.  133. 

methods  of  bleaching,  133. 

Hansa  red,  183,  184. 

yellow,  183,  184. 

Helindono  red,  183. 

violet,  183. 

Heliochromo  yellow,  183. 

fast  red,  183,  184. 

pink,  183. 

rose,  183,  184. 

yellow,  183,  184. 

Hemlock  tannin,  44. 

Hcrbergcr's  aafety  ink,  220. 

Herculanoum  fragments,  3. 

Ho£Fmann'8  violot,  103. 

Hop-Btalk  juice.  210. 

Hydrocarbon  blacks,  163. 

Hydrogen    peroxide   as   reagent    for 

tannin,  62. 
Hydrofluoric  inks,  235. 

Indantrbbmb  blue,  183.  189. 

grey,  183. 

lakes,  187. 

olive,  183, 

violet,  183. 

yellow,  184. 

Indian  ink,  4,  20,  23. 

comprmition  of,  29. 

examination  of,  27. 

manufacture  of,  23. 

practical  testa  of,  28. 

qualities  of,  27. 

marking  nut,  205. 

red.  102,  188. 

yellow,  102,  187. 

Indigo,  102.  216. 

carmine,  105.  128. 

dct<'ction  of,  1 16. 

in  '*  Alizarine  "  inks,  11,  86. 

in  colourrtl  inlw,  101. 

in  printing  inlu,  185. 

permanency  of,  102,  185. 

Indiffotin  marking  inks.  216. 
Indiuin  inks,  99. 
Ink  dopoddta,  70. 


Ink  plant,  J05. 

jKJwdent,  230, 

tablcta,  230. 

Ink-forming  subrtanoes,  63. 
Inks,  action  on  pens.  126. 

'*  Alizarine."  11,  86. 

aniline,  12,  99.  202. 

carbon.  4.  8,  13,  119, 

coloured  printing,  178. 

writing,  100. 

composition  of,  122. 

copying,  200. 

examination  of.  121. 

for  special  nurposes,  230. 

influence  of  light  and  air 

84. 

lithographic.  174. 

logwood.  90, 

marking.  205. 

printing,  144. 

properties  of  good,  121. 

typewriting.  233. 

vanadium,  98. 

vegetable,  205. 

Iodine  absorption  of  tannin. 
Iron-blueing  tannins.  42.  44. 
Iron  depottit.s  from  ink.  8t,  84. 

estimation  of,  129. 

greening  tannins,  42,  44. 

tannates,  65.  66,  69. 

Iron-gall  inks,  6,  8. 

composition  of.  122. 

examination  r  f    r  -r 

——  manufac-tun- 

I  ^——  oI)l  fiirmul:!'   1'.  ;.   ;  ^. 

oxide  (ii  <•  bine),  60. 

Isatin  inks.  11. 
Isochromatic  plates,  192. 
laohnmatein.  92. 
Italian  books,  146. 

pink,  187. 

Ivory  surfaces,  inks  for,  236. 

Jatax  inks,  89.  122. 
Japanese  galls.  37. 

aphis  of,  38. 

ink  from,  84. 

tannin  of,  37. 

Jeserich's  photograpliio  nwthod,  13^. 

XA2. 

Jet  Mack.  163. 

KnTLBS  for  boiling  oil 
Ksj  Uocks,  195. 
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Kiiio. 
Kn. 


iO.  s6. 


—  f.  2»v  160. 

punlicstion  of,  165. 

iiub«tituteii  for.  163. 

varieties  of.  23, 

Larch,  v. 

Lent*    -     -'     '   -        • 

Lin 

Lin. 

Linolir  acid.  150. 

Linsfttl  oil.  i  'o. 

Litbograi 

ink.  174. 

varnish,  i  >«. 

-^—composition  of.  1 54. 

varieties  of,  1 54. 

Litbol  fast  orange,  183.  184. 

scarlet,  183.  184. 

vpIIcw.  i«^. 

Logwooti. 

det. 

-extr 

in  w 

in  I'l 

ink  powiiefM,  2ju. 

ink«.  o?- 

ter,  138. 
nk,  177. 


Lut; 

Lv.. 


Machine  rulin. 
Madder.  188. 

brown,  1  >  ; . 

carmine,  18;.  iSS. 

red,  185. 

Maaenta,  184. 
MMMshite  graen.  105.  117. 
Manga  www  na^ng  ink,  2;  $. 
MMufold  copying  apparatus,  204. 
MMiaacripta,  Angk>-8axon.  29. 

British.  7. 

deciphering.  1 3  1. 

ink  of  okl.  3.  7.  8. 

Spanish,  7. 


Markiiif  ink  |)enril».  :\X. 

—  inki,  ji  K.  2-i<>. 
_ — -alizari'"     .  '- 

aniliii 

chemi'  ii   - 

examinattou  of.  217. 

vegetaUc,  205. 

nut.  205. 

Martius'  yelk>w,  1 1  $. 

Melan-"  ' ^pi»,  17,  18. 

MetJ».  235. 

Metal-  ,  42. 

Methyl  viok^t.  118.  184,  185. 

Methylene  blue.  103,  115.  184,  188. 

green.  185. 

Methvlotannin.  $8. 

-^.  170. 

>1  .  ing  ink.  214.  " 

Mordan's  inks,  123. 

MorreU's  inks.  123. 

Moxon's  "  Mechanick  Exercises,"  147. 

Murex.  100. 

Myrobalans.  51. 

ink  from.  51.  124. 

tannin  of,  51. 

NacasatsS..  117. 
Naphthol,  187. 
Naples  yellow,  185.  187. 
Newspaper  ink,  1 59,  169. 
Niger-seed  oil,  151. 
Nigrosine.  99. 

inks.  119.  134. 

Non-drving  oils.  151. 
Nut  galls,  i2,  80. 
Nut  oil.  151. 

Oajc-applx  ^Us,  39. 

IM  from,  40,  84. 

Oak-bark,  amount  of  tannin  in,  55. 

ink  from,  56. 

tannins,  44,  54. 

reactions  of,  54. 

Oak- red.  54. 

Ochre.  102,  185,  190. 

Oils,  bfuled,  151. 

proceat  ol  boiling,  i  $4. 

osed  for  varnish,  t  $4. 

Olive  green.  102. 

Opacity  of  inks,  teats  of,  191. 

Orange  pigments,  189. 

Orthocyaninea.  18^. 

Osbom  s  ooloar  microaoope.  184. 

Overlaya,  180. 
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Oxidised  gall  extract,  89. 

linaeed  oil.  151. 

tannin  solution.  88. 

Oxygen  tn-atmont  of  oil«,  1 57. 
Ozone  truatnient  of  oiU,  1 58. 


Painters'  pigments,  179. 
Palim{)seflt«,  131. 

deciphering,  131. 

PapfT,  compo8ition  of,  8. 
Papyri,  4. 

Egyptian,  i. 

(Jrtfk,  I. 

Hcrculancum.  3. 

Paris  green,  1 89. 
Patents,  list  of,  239. 
Paul's  inlu«,  123. 
Peach  black,  23. 
Peerless  black,  163. 
pencil  for  conying.  203. 

for  marking,  21.S. 

for  writing  on  glass,  235. 

Penicillium  glaucum,  59. 
Pens,  action  of  ink  on,  126. 
Permanent  blue,  102. 

inks,  223. 

red,  18^,  184. 

Persian  bemes,  102. 

red.  188. 

Phenol  blue,  231. 

in  inks,  128. 

Photographic    detection    of    forgery, 

140. 
— —  examination  of  writing,  132,  140. 
reproduction         of         colounMl 

objects.  193, 
Piinlmontest^  galls,  38. 
Pigment  rod,  1X4. 
— —scarlet.  188. 
Pigments,  black,  for  printing.  160. 

for  trichromatic  printing,  K^. 

peculiarities  of,  182. 

permanency  of,  182,  184. 

pure.  194. 

Pink  madder.  188. 
Pistachio  ^Is,  40. 
Platinum  in  fireproof  inks,  237. 

in  marking  inks,  213. 

Poison  ivy,  209. 

oftk,  209. 

ramaoh,  210. 

Po|^  juice,  210. 
Ponceau  scarlet,  104. 
Fridge's  ink.  133. 
Printed  books.  14$. 


Printing.  144. 

different  colours  in  one  impres- 
sion, 190. 
inks,  144. 

col.    -   ■    --. 

ear  U   of    mana- 


f,. 


kIs  of  manu- 


patent.  190,  . 

Prooeeswork,  179. 

Procter's  method  <rf  estinuit  1  ng  tann  I  n, 

Protocatechuic  acid,  65. 
Provisional  colour  in  marking  inks. 
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in  writing  ink 

Prussian  blue,  102.  189. 

"  Pulp  "  of  printing  inJc,  171. 

Purple  ink.  ir>c>,  102. 

madder.  102,  188. 

pigments  for  printing  inV 

Puqjurine,  188. 
I*yrt)catechin,  65. 
Pyrogallol,  42,  63,  65. 

Quack's  mixing  machine,  l-^^. 
Quebracho  tannin.  44. 
Quercctrin.  49. 
Quercitannio  acid,  $6. 

Rapidly  drying  inks,  89. 
Raw  sienna,  102,  187. 
Red  galls,  40,  41. 

lead.  188. 

pij^menta,  102.  187. 

printing  ink.  187.  199. 

writing  inks,  102,  KX4.  117. 

Retiwooii's  marking  ink.  -  - 
Resin  inks  for  glass.  23;. 
Resinous  .<iafety  inks.  22t>, 
Rcsorrin  ink.  154. 
Rhus  co^lina.  47. 

coriaria.  47. 

cotinus.  47. 

glabra.  47. 

radicaoB,  aia 

tozicodBiidron,  ao8. 

TwaenaU,  ato. 

Teniioia,aio. 

Ronan  ochre,  187. 
Rose  nuujkkr.  103. 188. 
Rota'a  method  of  aeiMuating  dyv*. 
106. 


Robber  stAmj)  nik 
Rubrics,  i(«>. 
Rufigallii-  ink.  4.-. 
UungfK  cluxiinc  ink.  i>;. 

Safety  ink.-*,  ji.>. 

Sch«*«?le'a  ^n>«'n.  iSt^. 

Scrvons  for  coluur  printing.  180,  192. 

St^-TPt  writing.  -'29. 

Semecarpua  anacardium,  206. 

Sepia.  6.  M. 

Britiflli,  18. 

chemical  composition  of,  16. 

examination  of,  18. 

foaail,  14. 

ink  of.  15. 

manufacture  of.  i ;. 

permanency  uf.  19.  mj. 

Sepiaic  acid.  1 8. 
Shale  Macks,  163. 
Show-card  ink.  2}:. 
Sicilian  xumach.  47. 
Silicate  ink,  235. 

of  carbon,  163. 

Sihrerinks,  100.  195. 

marking  inks,  211. 

writing  on,  236. 

SiriuB  yellow,  183. 

Siting,  destruction  of,  136,  141. 

Sloe  juice,  310. 

Soluble  blue.  105. 

glaMs  ink.  221. 

Spani.xb  bUck,  23. 
Stability  of  writing  inks,  126. 
.Stcam-htaU'd  kettles.  155. 
.Stencil  ink*,  2^2. 
St«-plKu'.i  ink.  123. 
.Stri{>e  to.st  for  inks.  124. 
Stylographic  ink,  12,  105. 
Siunach,  47. 

ink  from,  49. 

tannin  of.  43.  47. 

Saperhfoated  steam  for  boiling  oils. 

156. 
Sympathetic  inks,  7,  225. 
patent,  227. 

TaxjUUX  galls,  41. 
TamiAtea  of  iron,  65.  66. 
Tannin  in  oak  bark<*.  n. 

detenninatioii    ' 

Tannins,  42. 

chMtaut.  44,  4>. 

claMlftwition  of.  42. 
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j«09ition  of.  43. 


iron  . 

myrobala : 

oak-b«rk. 

reaotionB  ot.  42. 

suitability  for  ink,  44. 

somach,  47. 

ralonia.  44,  53. 

Tartrailne.  105. 
Terebinth  galls,  41. 
Terminal  ia,  51. 

Tbenius'  lampblack  furnace,  t6i. 
Three-colour  printing.  191. 
Tin,  inks  for  writing  on.  336. 
"  Tinctogen  "  grouping.  64. 
TormentUla  tannin.  44. 
Torrance's  Mills.  170,  172. 
Toxicodendric  acid,  2 10. 
Traill's  safety  ink.  220. 
Transparent  alumina,  177,  199. 
Trichromatic  printing,  191. 

printa,  194. 

Tripoli  galls,  33. 
Tungsten  ink,  118. 
Tangstic  acid  in  inks,  1 18. 
Tuikey  red,  183. 
Tuscaline  orange,  183. 
Typewriting  inks,  233. 

Ultramari>'k,  102.  188,  195. 
Umber  in  printing  inks,  190. 
Unoxidised  iron-gall  inks,  86. 

Valoku.  s^. 

ink  from.  54. 

tannin  of.  44,  53. 

Vanadium,  reactions  of,  98. 

inla,98,  119,  134. 

yelkiw,  186. 

Vandyke  tuown,  102,  190. 
Vanishing  inks,  22^. 
Varnish,  eompodtion  of.  1 54. 

mamifaeCiire  of ,  151. 

mixing,  j6q. 

Tarieties  m,  1 54. 

Vegetable  inks,  205. 
VeUmn  mannsoripts,  8,  13T. 
Venetian  red,  102.  177. 
Vermilion.  102,  187,  195. 
Viclur's  ink,  123. 
Victoria  green.  185,  190. 
Viedt's  ooi^wr  logwood  ink,  94. 
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Vino  black.  33. 

Violet  aniline  ink,  ICX4,  105. 

black  ink,  HH.  94. 

logwood  ink,  201. 

inJu.  104,  118,  202. 

Vogel's  photographic  plates.  192. 

Walkdkn's  inks,  123. 
Wax  Ubioto.  2. 
White  callB,  33. 

inks,  186,  191,  224. 

lead,  186,  19J. 

pi^ents,  186. 

Witt«toin'8  iron  tannates,  67,  81. 
\N'o<k1,  inks  for  writing  on,  237. 
Writing,  ago  of.  137. 

difTen>ntiation  of,  135. 

exnminatiun  of.  130. 

falsification  of,  133. 

photographic    examination    of, 

140. 

progress  of.  2. 

restoration  of,  1 30. 

Writing  inks,  "  Alizarine,"  11,  86. 

aniline,  12,  103. 

carbonaceous,  4,  13. 


Writing  inks,  coloured,  lOQ. 

composition  of,  123. 

exainination  of,  121. 

QoUio  acid.  87. 

iron-gall,  80. 

Japan,  89. 

logwood,  90. 

manufacture  of,  8a 

ozidiaed,  84. 

testa  for,  134. 

unoxidiaed.  )f  > 

vanadium,  <>  - 

UblcU,  3. 

Ykux)w  aniline  inks,  104,  105. 

inks,  100,  102,  104. 

lake,  187. 

madder,  187. 

ochre,  102,  187. 

pi^ents,  102,  186.  195. 

printing  ink,  199. 

Zinc  labels,  ink  for,  236. 

oxido,  186. 

white,  186,  191. 

yellow.  187. 
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